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- NATIONAL BUREAU. OF STANDARDS

The National Bureau of Standards' was cstablished by an act ot Congress on March 3, 1901.
The Bureau's overall goal is to strengthen and advance the Nation's science and technology
and facilitate their effective application for-public benefit. To this end, the Bureau conducts
research and pravides: (1) a basis for the Nation's physical measurement system, (2) scientitic
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; trade, and (4) technical services to promote public safety. The Bureau's technical work is per-
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the Institute for Computer Sciences and Technology. ’

THE NATIONAL MEASUREMENT LABORATORY provides the national system of
physical and chemical and materials measurement; coordinates the system with measurement
systems of other nations and furnishes essential services leading to accurate and unitorm
physical and chemical measurement throughout the Nation’s scientitic community, industry,
and commerce; conducts materials research leading to improved methods of measurément,
standards, and data on the properties of materials needed by industry, commerce, cducational
institutions, and Government; provides advisory and research services to other Government
. " agencies; develops, produces, and distfibutes Standard Reference Materials; and provides
calibration services. The Laboratory consists of the tollowing centers: :

Absolute Physical Quantitics? — Radiation Research-— Chemical Physics —
Analytical Chemistry — Materials Science ‘

THE NATIONAL ENGINEERING LABORATORY provides technology and technical ser-
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provides engineering measurement traceability services; develops test methods and proposes
engineering standards and code changes: develops and proposes new engineering practices;
and develops and improves mechanisms to transler results of its research to the ultimate user.
The Laboratory consists of the following centers: :

Applicd Mathematics - Electronics and Electrical Engineering? — Manufa_.cturing
Engineering — Building Technology -~ Fire Research — Chemical Engineering?

THE INSTITUTE FOR COMPUTER SCIENCES AND TECHNOLOGY conducts.
- research and provides scientific and technical services to aid Federal agencies in the selection,
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relevant Executive Orders, and other directives; carries out this mission by managing the
Federal Information Processing Standards Program, developing Federal ADP standards
guidelines, and managing. Federal participation in ADP voluntary standardization activities:
provides scientific and technological advisory services and assistance to Federal agencies; and
provides the technical foundation for computer-related policies of the Federal Government.
The Institute consists of the following centers: -

Programming Science and Technology — Computer Systems Engincering.

'"Headquarters and Laboratories at Gaithersburg, MD, unless otherwise noted;
mailing address Washington, DC 20234, .
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. - FOREWORD

The data proce551ng environment has undergone profound changes since CPEUG was
founded. in 1971, Microcomputers, at that time -existed only in specialized
process control applications. Now end-user microcomputers are commonplace and
their users have expectations unheard of twelve years ago. In parallel has been
the increasing perception of traditional large, mainframe data processing as
only one aspect of a broader view of information resources and information
technology. With these changes, the challenge of prov1d1ng efficient and
effective user support has also grown.

It is with these changes in mind that this year's CPEUG conference has chosen as

--"a theme "CPE-A New Perspective: The impact of the technology revolution.' This

year's conference offers topics ranging from microcomputers to supercomputers.
The 1ncre351ngly complex area of data communications is presented as well as
topics in office automation, software ﬁzytovement and engineering, capacity
planning, and quality assurance, to mentiom™Mjust a few. The diversity of topics .
reflects the broad range of areas which CPE analysts must now consider. i

The challenges inherent in the increasingly complex areas of information
technology also provide new opportunities to increase the effectiveness of the
services we provide. Even as the technology has grown so has the volume and
type of information which the users wish to store, manipulate, and retrieve. - We
must be knowledgeable in many new areas to ensure that we are using not only the
most efficient means available but also the must effective.

This year% CPEUG topics were spec1f1cally chosen to reflect the breadth of the
CPE field. I believe you will enjoy them as- well as learn from them.

JOHN CARON
CPEUG 83 Conference Chalrperson



PREFACE

’

The theme of CPEUG 83, "CPE - A NEW-PERSPECTIVE: The impact of the
technology revolution," focuses on the rapid introduction of sophisticated
end-user techriology, and addresses the impact of this revolution on CPE and the
CPE professioral. The debate over the ‘question raised several years ago by a°

former CPEUG Program Chairman: "How will CPE, traditionally associated with
large central computers, change in an era of smaller, cheaper hardware and
" improved digital commurications?" intensifies. The CPE - professional is

challenged ‘to réact to the new technology and trends. The keynote address,
"Microcomputers: The "Risks and Rewards" and the keynote panel "Information
System Cost Performance ~- New Directions" highlights and sets the framework for
this challenge and debate. The-conference focuses on the integration of user
microcomputer systems into the overall ADP structure and concentrates on micros
and end user computing activities -- Strengthening ‘the End-User Interface",
"Managing End-User Computing", for example. The growing relative importance of
software is recognized and software related issues are addressed in several
sessions. . '

" As in the previous Conferences, “tutorials, case studies, panels, and

technical sessions are included in the program. There are several sessions that
address the information needs of the first-time attendees, experienced 'CPE
analysts, managers, and interested data processing professionals. The CPEUG
Conference is one of the indispensable events on the calendar of computer
performance professionals. CPEUG 83 provides a forum for shaping subsequent
Conferences throughout the 1980°'s.
I The CPEUG 83 program was the work ©of many people. Paul Roth; Vice
Chairperson for academia; Jim Sprung Vice Chairperson for industry; Arriold
Johnson, Vice Chairperson for Government; and Dr Deborah Mobray, Proceedings .
Editor, were this.year's vital 1links to broaden program participation. The
Conference Committee, session chairpérsons, authors, and tutors all deserve
recognition for their time, patience, and participation. The invaluable support
of Sylvia Mabie merits special thanks. S

CHARLES A. SELF
CPEUG 83 Chairperson
October 1983

)




ABSTRACT

These Proceedings record the papers that were presented at the Nineteenth
Meeting of the Computer Performance Evaluation Users Group (CPEUG 83) held
October 25-28, 1983  in San Francisco, CA. CPEUG 83 recognized the rapid
introduction of sophisticated end~user technology into the information processing
environment and addressed the challenges posed to the CPE community. CPEUG 83
offered topics ranging from microcomputers to supercomputers. The increasingly
complex area of data communications was presented as well as topics in office
automation, software improvement and engineering, capacity planning, and quality
assurance. The program was divided into three parallel sessions. and included
technical papers, case studies, tutorials, and panels. Technical papers are
presented in the Proceedings in théir entirety. “ - : '

Key words:  acquisition, . benchmarking, ‘capacity planning, computer
performance evaluation, configuration management/quality assurance, cost
accounting and chargeback, data communications, end-user computing, local area
networks, microcomputers, modeling techniques, office automation, performance
management, software engineering, and software improvement. '

“The material contained herein is the viewpoint of the authors of specific-
papers. Publication of their papers in this volume does not necessarily
constitute an endorsement by the .Computer Performance ,Eﬁaluation Users Group
(CPEUG) or the National Bureau of Standards. The‘mater%al has been published in
an effort to disseminate information and to- promote /the state-of-the~art of
computer performance measurement, simulation, and evaluation.
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Quality Assurance Overview
Margaret Brouse,

MITRE Corporation

McLean, VA

3:00 PM SESSION: Software Engineering .

Chairperson:
3

George N. Baird

Federal Conversion Support Center

Washington, DC -
Establishing a Software Engineering Technology (SET)
L. Arnold Johnson and William Milligan

~ Federal Conversion Support Center

Washington, DC

Software Testing Techniques Used by Federal Agencies
James V. Rinaldi, Jw. ™

General Accounting Office

Washington, DC

Characteristics of Software Development Team Structures
and Their Impact on Software Development.

Ann von Mayrhauser

Illinois Institute of Technology

Chicago, IL ’

An Engineering Approach to Software Testing

Gary Fisher
Federal Conversion Support Center
Washington, DC .
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' FRIDAY, OCTOBER 28

9:00 AM SESSION: Performance Management

Chairperson:

Donald R. Deese
Federal Computer.Performance Evaluation and Simulation’
Center (FEDSIM)
Washington, DC

The Terminal Probe Method Revisited. Some Statistical
Considerations

Luis Felio Cabrera

Catholic University of Chile -

- Santiago, Chile

Some Elements of Software Functions and Cost Analysis

'aa Related to Performance

John E. Gaffney, Jr
International Business Machines -
Gaithersburg, MD '

Modeling and Measuring to Improve Network Cost
Performance

Ronald K. Leighton .

GTE Services Corporation

Tampa, FL

11:00 AM SESSION: ' Cost Accounting and Chargeback

Chairperson:

Dean Halstead
Federal Computer Performance Evaluation and Simulation

_ €Center (FEDSIM)
_Washington, DC

Standard.: Costing for ADP Services
David R./Vincent
Institute for Software Engineering
Sunnyvale, CA g
/ v
Cost and Revenue System at Parklawn Data Center
Tim Carrico'
Parklawn Data Center
Health and .Human Services

) Rockville,

Developing a-DP Charging System for the FAA
Harvey Kaplan

Federal Aviation Administration

Washington, DC
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TRACK C PROGRAM

WEDNESDAY; OCTOBER 26 -
9:00 AM TUTORIAL: Requirements Analysis and Workload
' ‘ Characterization
Carl Palmer
General Accounting Office
-Washington, DC

10:00 AM TUTORIAL: Use of Benchmarking in the Federal ADP
Procurement Process

+ Dennis Shaw
General Accounting Office
. Washington, DC

L4

11:00 AM TUTORIAL: Software Development,Guidelines

Anneliesse von Mayrhauser
" Illinois Institute of Technology
Chicago, IL

3:00 PM TUTORIAL: Microcomputer Software

.John Caron } v
Office of Software Development and
Information Technology
General Services Administration
\ Washington, DC
~4:00 PM TUTORIAL: Usability
ﬁavid F. Stevens
- ’ * Lawrence Berkeley Laboratory

University of California
’ Berkeley, CA

THURSDAY, OCTOBER 27

9:00 AM TUTORIAL: IRM Planning
Nancy Doane I; i ’
Federal IRM Planning Support Program °
Washington, DC.

10:00 AM TUTORIAL: Computer Service Selection
Anneliese von Mayrhauser
Dennis Erwin Witte

Illinois Institute of Technology
Chicago, IL

22
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11:00 AM -TUTORIAL: Security Certification of Applications BT
. Software
Fred Tompkins
MITRE
McLean, VA

—_— "3:00 PM TUTORIAL: ACMS: A Computer~ﬁbdeling System

. Duane Ball '
Federal Computer Performance Evaluation
and Simulation Center (FEDSIM)
Washington, DC

4:00 PM TUTORIAL: Software Instrumentation Points ‘ . : R

James P. Bouhana
Wang Institute of Graduate Studies :
Tyngsboro, MA - , - e

FRIDAY, OCTOBER 28
9:00 AM TUTORIAL:  Implementing a DP Chargeback System

T . Dean Halstead -
Federal Computer 'Performance Evaluation
and Simulation Ceqter (FEDSIM) .
. Washington, pc - LT

’
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Theoretical Performance Analysis of Virtual Circuit LAN

Sliding Window Flow Control

E.Arthurs
G.L.Chesson

e T : B.W.Stuck -

- Bell Laboratories
Murray Hill, New Jersey 07974 ) ' '

ABSTRACT

-

A transmitter breaks a message up into packets and transmits the
packets to a receiver over a single virtual circuit within a local area
network. The receiver has a finite amount of storage capacity for
buffering messages. A sliding window protocol turns the transmitter
en and off to insure there is always storage room in the receiver, for
packets. Mean throughput rate and delay statistics are studied as a
function of model parameters.

1. Introduction

Our purpose is to study the traffic handling characteristics of a
policy for pacing thc flow of information from a transmitter to a
receiver over a logical abstraction of a physical circuit (a so called
virtual circuit) within a local area network. If the receiver has only
a limited amount of storage, and the transmitter is faster than the
receiver, messages can be transmitted and blocked or rejected by the
receiver because no room is available. A protocol is used for
controlling the flow of information to insure tha no packet is lost

.due to no room being available, as well as for other reasons. Since

the transmitter must be turned on and off to insure no messages are
lost, what is the penalty in mean throughput rate and message dglay
statistics as a function of receiver buffering and transmitter and
receiver processing speeds? References on ‘this subject are found
elsewhere (e.g., Tanenbaum, 1981, pp.187-196).

Examples of such mechanisms are stop-start protocols where the
transmitter stops until the receiver acknowledges receipt of the
message (c.g., Binary Synchronous Communications (IBM)), Digital
Equipment's product line for Digital Network Architecture
(Wecker,1980; Tanenbaum, 1981, pp.172-174), IBM's product line
for Systems Network Architecture framework(Green, 1979; Atkins,
1980), the Defense Advance Research Project Agency Transport
Control Protocol (Tanenbaum, 1981, pp.373-377) or CCITT's X.25§
(Tanenbaum, 1981, pp.167-172). This mechanism would be used to

- transfer files from one computer to another, for example, over a local

area network. v

In our opinion, at the present time a great deal of guidhnce is

. required to engineer such systems (cf. the current literature: Bux,

~ Kuemmerle, Truong, 1980; Easton, 1980; Fayolle, Gelenbe, Pujolle,

Q
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1978; Kleinrock, 1978A, 1978B; Reiser, 1979; Sunshine, 1976, 1977,
Traynham, Steen, 1977; Yu, Majithia, 1979; Luderer, Che,
Marshall, 1982; Luderer, Che, Haggerty, Kirslis, Marshall, 1981).

This work analyzes a model for a class of of protocols, so called
sliding window* protocols, for controlling the flow of information
between a transmitter and receiver. Granted certain assumptions
that are felt to be reasonable for local area network applications, it is

*  The term window arises from picturing a window onto the stream of packets at the
transmitter, with the window open onto packets that have been transmitted but not
yet acknowledged. The windaw slides as packets are acknowledged along with the
transmitted packets. ~

- characteristics.

possible to cngineer a virtual circuit to achieve predictable
performance. The protocol is described in detail elsewhere (Knuth,
1981; Tanenbaum, 1981, pp.148-164); here, in the interest of
brevity, we will describe only the aspects pertinent to traffic handling
1t is representative of a great many protocols
currently 'in use, each of which differs in detail in terms of error
handling, but not in terms of pacing the flow of data between the
transmitter and receiver (cf Schwartz, 1982, for an analysis of a

. protocol with thé same control of flow of data but a different

acknowledgement strategy).

We ignore a wide variety of phenomena that must be dealt with in
an actual system that in our opinion are sufficiently rare to have.
negligible impact on traffic handling characteristics. In particular,
we ignore the impact of the local area network corrupting or losing
packets, the impact of using the local area network and the
interfaces for both control (virtual circuit set up and take down,-
packet acknowledgement) and data transfer, the impact of local area
network delay being dependent upon the workload, and a variety of
hardware and software failures, : '

Lest the reader feel that this problem is straightforward, we quote .
onc authority: ’

*..flow coritrol procedures are rather difficult to invent and
extremely difficult to analyze..to date there is no satisfactory
theory or procedure for designing flow control .procedures, much
less evaluating their performance.." L.Kleinrock, 1978A ’
2. Suminary !

We determine quantitative - tradeoffs between the time the
transmitter and receiver spend on packet processing, local area:
network propagation delays, recciver ‘storage space for buffering
packets, and flow control parameters (in particular the: maximum

- number of unacknowledged packets at the transmitter, denoted by W

for window) to achieve different levels of performance (c.g., mean
throughput ratc and delay statistics). '

" A mathematical model or.dbstraction of an actual communication

model using mean values for transmitter .a

system is developed. First, we summarize the performance of this*
ﬁ receiver packet
processing times before analyzing the impact of fluctuations on
performance. In our opinion; the mean value analysis is probably
the most important level of measurement and analysis in practice. *

A system can be cnginecred to have a low message throughput rate
and small message delays, or it can have a high message throughput
rate and large message delays. The problem is 1o find the point at:
which message delay becomes unacceptable. We do so in two steps:
first we find the maximum mean throughput raie, which presumably
will lead to-large delays; then we back ofl from the maximum mean
throughput rate to a lower rate which will lead to smaller.
(acceptable) delays. There arc three potential bottlenecks in this
communication system, the transmitter, the receiver, and the local
area network. In many applications, it is often desirable for the
transmitter and receiver 1o be bottlenecks, not the local area
network: put differently, wé demand the-different devices connected
to the local area network be incapable “of gcnerating enough’
messages to generate unacceptable delays in message transmission
through the channel. ' ' ' \
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From discussions  with a  variety of knowledgeable cngincers,
:urrently availublesproducts achieve a packet delay in the local arca
1ctwork of one hundred to five hundred microseconds, while packet
sransmitter and receiver processing delays of one to five milliseconds
wre typical.  For this case, where network delays between the
ransmitter  and  receiver are negligible compared to packet
processing times, when the transmitter and receiver are mismatched
n speed by a ratio of two or more, i.c., cither the transmitter is
much faster or slower than the recciver, one or the other is a
bottleneck, and the ‘mean value analysis appears adequate for sizing
mean throughput rate and mean delay. 1t is only in the intermediate
region of comparable transmitter and receiver speeds that there is
significant interaction between the choice of flow contro} parameters
ind message arrival and transmission time statistics.

Upper and lower bounds on mean throughput rate are determined
using only the mean times to handle each stage of packet processing
ind the receiver buffer size; determining the lower bound was
previously an unsolved problem. Moreover these bounds are sharp,
in the sense that they can be achieved if the fluctuations about the
means become sufticiently small or sufficiently large. Put differently,
given only mean value information, these bounds quantify the best
possible mean throughput rate. The method of analysis is based
upon a systematic application of Little’s Law (Little, 1961). The
wnalysis leading to the upper bound is well known; the lower bound
is evidently novel. The lower bound is positive and hence we have

The second ‘model deals with lhe mean throughput rate and delay
statistics with negligible nctwork delay, for the special cases of
W=l W=2, and W=co, If the transmitter and receiver packet
processing times are independent identically distributed constant
random variables, we obtain not simply mean values, but
distributions.. We show that the long term time averaged delay
statistics for W=2 and W—co arc identical. This was previously

- only conjecture..

- 1979; Chesson,

s

shown that at this level of analysis this proloco cannot deadlock., A

This occurs when ths transmitter and receiver both have packets and
icknowledgements to send but cannot because seceiver buffer spacc
is not available for the transmitter and vice versa.

Three cases are examined in detail: buffering one, two, and an
infinite number -of message packets at the receiver. Buffering one
packet allows for no concurrency or parallel operation of the
iransmitter and receiver; buffering more than one packet allows for
some concurrency and also smooths out bursts of packets, storing
them unti! they can be processed. “Performance (mean throughput
rate and packet delay), can be-significantly increased (provided the
transmitier and receiver packet processing times are comparable to
sne another) in going from one to two packet buffering at the
receiver, and is only marginally increased in gomg from two to
infinite packet buffering. This is clear on physical grounds: there is
only one transmitter and onc receiver, and the best possible
soncurrency is achieved when both are -busy, i.c., when the
transmitter is filling one buffer and the receiver is emptying another.
A single packet buffer at the receiver is a bottleneck limiting the
maximum mean throughput rate of packet transmission; moving to
two_.or more buffers at the recciver allows the transmitter or the
receiver processor to become the bottleneck. Since it might not be
known in practice which was the bottleneck, this suggests choosing
iwo buffers in the receiver.

To proceed further, we make additional assumptions beyond mean
values, to test both our modeling assumptions as well as the
numerical parameters. 1n particular, we can quantify the impact of
fluctuations about the mean values on performance. ,

The first case is a ' Jackson network model with associated product

form distribution for the number of packets at each node in the ,

nctwork. The Jackson network assumptions allow us to obtain an
exact -calculation of mean throughput rate. The analysis uses

techniques that are standard for Jackson networks (Kclly, 1976,

1979). In practice, packet processing times at the transmitter and
receiver arc widely felt to be much smaller than that found in this
type of model, so this would lead to pessimistic performance. In
fact, there is little difference between, the mean throughput rate
upper bound which is achieved with "no fluctuations in packet
processing times and the Jackson network analysis. In cither case,
choosing two buffers at the receiver achleves vnrtually all of the
traffic handling-gain. -

Q

RIC

Aruitoxt provided by Eic:

25

3. System and Model Description

The system that motivated this work is described elsewhere (Fraser,
1979, 1980; Luderer, Che, Haggerty, Kirslis,
Marshall 1981; Luderer, Che, Marshall, 1982).

3.1 Hnrdwnre (onﬁgunllon

A set of terminals and computer systems are interconnected via a
local area network switching system.

3.2 Functional Operation

A pair of digital systems communicate with ofic another as follows:
After & full duplex virtual circuit is set up over the local area
nelwork one system transmits a message to the other; the
1ransmmer breaks_each message over each virwal circuit up into
packets and stores the transmitted packets until the receiver sends

“an . acknowledgement , that transmitted packets were properly
received.

“When the syslcm is started, the transmitter starts a packet sequence -
counter, denoted C, at zero. Messages are transmitted in -order of
arrival; packets within messages are transmitted in order over the
virtual circuit. Each packet has a sequence number that is used to
pace the flow of data from the source to the sink. Each time the ,
transmitter sends a packet, C is incremented by one; each time the
transmitter reccives an acknowledgement, C is decremented by one
and flushes this packet from its transmitter buffer. Hence, the
packet sequence counter slides from the first packet to the last, with
packets from different messages possibly interleaved. The maximum
number of packets that can be buffered by the receiver is called the
window denoted W. The largest the transmitter packet sequence
counter can be is W: the transmitter knows the receiver can buffer
at most this many packets. Each packet holds one receiver buffer;
when the packet sequence counter strikes W the transmitter ceases
to send messages, until a minimum number of acknowledgements are
received. A start/stop protocol would have a window of size one
(W=1): the transmitter would send the first packet of a message
and wait for a positive_acknowledgement beforc sending ‘the next
packet, and so forth. A double buffering protocol would have a
window size of two (W=2).

How frequently should the receiver acknowledge packets? Ideally it
should be donc after each packet; however, if this requires an
unacceptable amount of processor time at the transmitter or at the
receiver or both, then acknowledgements could be batched. The
normal operating regime is where control packets are much less -
frequent than data packets; hence, to first order, we might focus
attention on the data packet mean processing time alone.

3.3 Queueing Network Model '

The queueing model of this syslem' (Figure 1) follows the above
description quite closely.

3.3.1 Queues and Servers The system consists of a staging queue
(with no server), a transmitter queuc (with one server), a transmitter
to receiver queue (with servers), a receiver queue (with one
server), and a receiver to transmltter queue (with W servers).

3.3.2 Packet Flow Throuéh Queueing Network A packet migrates
from one queuc to another: packets arrive at an external quecuc
where they are staged, before migrating to the transmitter queue,
then through the transmitter to receiver: queue, then to the receiver
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queue, then finally to the receiver to transmitter queue, before

leaving the system; a packet is in the system if it is in the
transmitter or receiver queue (waiting or in execution), in the
propagation qucue from the transmitter to the receiver and vice
versa. :

3.3.3 Service Required for Each Step of Packet Communications
Each packet requires some processing time by the transmitter,
‘denoted Tyen. including both packet processing time and data
transmission time. Each packet propagates from the transmitter to
receiver, in a mean time denoted Tirgns-rec. Each packet requires
fecciver  processing time, denoted T..  Each receiver
acknowledgement packet propagates from the “receiver to the
rransmitter in a time interval denoted Trec—prans. The receiver and
transmitter processing times are assumed to include the time to
handle acknowledgement processing.

3.3.4 Flow Control Policy Arriving packets arc stored in- the
staging queue. If there are less than W packets in the system, the
packet immediately enters the transmitter queue; otherwise, the
packet waits in the staging queuc. :

3.3.5 Phenomena Ignored By Model If a packet is not received by
the recciver (e.g., because it was lost in transmission, because the
receiver buffer overflowed, because the sink acknowledgement that
the packet was received is lost, or for other reasons) the sender will
not receive an acknowledgement within a given time interval called a
time out interval (measured from the end of a given packet
transmission) and the sender will retransmit the packet. If the
receiver did in fact correctly receive a packet, when a new copy of
that packet arrives it will be rejected and another acknowledgement
will be sent. We ignore the impact of time outs, failures of different
sorts, and noise which can garble a packet. Furthermore, we assume
the packet delay due to the local area network is not a function of
the message load, i.e., we assume the local arca network simply adds
delay to packet transmission. In a well designed system, these would
be rare events, having little impact on performance.

-
\
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- Figure 1.Queueing Network Block Diagram
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. First, we assume that W=1.

4. Mean Throughput Rate Mean Value Analysis (cf Reiser, 1979; Fayolle et
al, 1978)

The ingredients in the mean value analysis are

[;l] The transmitter processes a- packet; this step has a mean
duration Tyans and it requires the transmitter processor '

[2] The packet propagates over the link from the transmitter to
the receiver; this step has a mean duration Tirans—rec.

[3] The receiver processes the packet; this step has a mean
duration Tre and it requires the receiver processor.

[4] Acknowledgements of correct receipt of the packet are
batched up and then propagate from the receiver to the '
transmitter; this step has a mean duration Trec—trans-

The acknowledgement processing per message at the transmitter and -
receiver is assumed to be included in Tiran: and Trec respectively.

In an appendix, we obtain upper and lower bounds on the maximum
mean throughput rate, assuming there are alwavs sufficiently many -
packets at the staging queuc that there are W packets in the system. -
Here we simply summarize the results:

Alawer € Amax € ’\upper ()

| | 24
7’1’0'“ * J'ﬂ.‘ ' ]"Wj- lmuu—rn :F7'“ + l'tt"'l'ﬂi“

Aupper = min

o

_ . w
Naver = Wl Tra F Tt F Toammree ¥ Trecirams > ©

The physical interpretation of the upper bound on mean throughput
rate is as follows : '

e If the transmitter is the bottleneck, then

’\upper - -7—’};“— R (28)
e If the receiver is the bottleneck, then
Nupper = 11— (2b)
e If the number of buffers is the bottlenieck, then
Nupper = T Trram=ree F Trec ¥ Trecmirans (20

- The physical interpretation of the lower bound is that at most one

packet at a time is being handled by the system. The practical
import of the lower bound is that the maximum mean throughput
rate is always positive; and hence the system cannot deadlock or
stop transmitting packets. -

4.1 Negligible Local Area Network Delay

In a local area network, packet delay due to the network is presumed
to be negligible compared to packet delay at the transmitter and -
receiver. This special case merits closer examination. From this !
point on in this section, we assume Tirans—rec™ Trec-trans=0-

If we do so, we sce

’\vw?r'mi""rﬁ-“m'] W=l ®

_In words, the maximum rate of transmitting ‘packets is the reciprocal

of the sum of the mean time spent by the transmitter plus the mean
time spent by the receiver.

increasing the number of buffers from one to ‘two, W=1 to W=2
always. increases the maximum mean throughput rate, and now “we
see . ' .

w>1 . @)

Mugper = it 17.71;7'7:

Furthermore, this increase is maximized for Tyans=Tre, and then,
the upper bound doubles in going from one buffer to more than one
buffer. Why is this so? By having more than one buffer, both the
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transmitter and receiver can simultaneously be filling and emptying a
buffer, allowing greater concurrency or parallelism compared with
the single buffer case. We also note that allowing more than two
buffers, e.g., infinite buffers, will not increase the upper bound on the
maximum mean throughput rate any further; intuitively, we only
have two serially reusable resources, the “iransmitter and receiver,
and double buffering keeps them both busy simultaneously. This
suggests investigating the three cases of single buffering, double
buffering, and morc than double buffering, in the subsequent
sections. For the lower bound on mean throughput rate, we see that

7"lram ¥ 7rﬂ: (5)

which is identical to the upper bound for W=1. Why is this so?
There may be significant fluctuation about the mean values shown
above, and in the limit of one big swing about the mean value all of
the messages will pile up at one stage in the network and nothing
will be transmitted until buffers become available.

Nower -

4.2 Nonnegligible Local Area Network Delay .

For thé case where the local area delay'is not negligible compared to
the transmitter and receiver processing time per packet, the upper
bound on mean throughput rate will increase as a linear function of
the amount of buffering available at the receiver, until éither the
transmitter or the receiver becomes a limiting bottleneck. When
does this in fact occur in our model?

Figure 2 plots these upper and lower bounds, as wcll as the results of
an Jackson queueing network analysns (eg., Kclly. 1976, 1979) for
the special case where

Tirans = Trec

6)

In' Figure 2A we have chosen the typical case, negligible network
delay versus transmitter and receiver processing time, while in 2B all
these times are equal to one another, and in Figure 2C the network
delay is ten times the transmitter and receiver processing times.

Tirans—rec ™= Trec—trans’

LINE UTILIZATION

[ X}

E(Trawswrrrsa)=1.0 SEC
e E(Tarcares)=1.0 SEC

Toows re raomessrmu=0.1 SEC

0.2

LEGEKD
Oz MEAN VALUE LOWER BOUND
© = EXPONENTIAL NETWORK ANALYSIS
&z MEAN VALUE UPPER BOUND

2.0 L X
BUFFERS

Figure 2A.Maximum Mean Throughput Rate vs W

w.e o

The fraction of time the queueing network model predicts the system

10 be in state J is denoted by x (/) where

Q
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Tirans—rec o Trec I Trﬂ:-lmru et

trans—rec: rec—irans

() = & Tan’~ o)

The system partition funcuon denoted G is chosen to normahzc the
probability distribution:’

zr(!) -1 8)
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Figure 2B.Maximum Mean Throughput Rate vs W
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Figure 2C.Maximum Mean Throughput Rx}"te Vs w

Two regimes are evident, one where the buffers hrc the bottleneck *

and the mean throughput rate grows linearly in the number of
buffers, and one where the recciver is the bottlencck and the mean
throughput rate is independent of the number of buffers. For Figure

2A this occurs at W=2; for Figure 2B this occurs at W=4; for /

Figure 2C this occurs at W=22. As we see, lhcrc is little need for’
large buffers at the receiver in a local area nclwork at this level of
analysis, provided the network delay is ncghglblc compared to’ the
-packet processing delay. As is evident from thc figures, the Jackson
,network analysis tracks quite closely the mean valuc upper bound on .
lhroughpul rate.. Since the Jackson network analysis assumes the

packet processing times have significantly greater fluctuation about

their mean than in actual systems constan{ processing time per
packet, and since the agreement (at this level of analysis) between
the mean value upper bound and the Jackson, network is quite close,
this suggests using the mean value upper bound as a guide to setting
flow control - parameters, because it is quite straightforward to
analyzc

B
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5. Delay Statistics Analysis for W=1 and W =2 with Negligible Network
Delay ’

For the special case of W=1 and W=2 with Tirans—rec™ Trec—trans=0.
we wish to calculate the moment generating function of the packet
delay random variable Tyeray. which is measured from the instant a
packet arrives until it is completely processed by the transmitter and
receiver. We assume that packets arrive at the transmitter
according to simple Poisson statistics, i.e., the packet interarrival
times are independent identically distributed exponential random
variables with mean_interarrival time 1/\. The packet processing
times at the transmitter and receiver are assumed to be independent
identically distributed random variables denoted by Tivans and Tree:
these have associated moment generating functions :

E[exp (=2Ttrans}] = G‘l.raru (z)
E[exp (—2Tec)] = 6Ift (z)
Delay Statistics for W =1 with Negligible Network Delay

9)
(10
5.1

For W=1 the system acts as a single serially reusable resource whose
service time is the sum of the transmitter and recciver packet
processing times. The maximum mean throughput rate is the
reciprocal of the sum &f the mean packet processing times at the
transmitter and receiver: : v

- =7 _T.Tl T '
. {rans rec (I I)

The moment generating function for packet delay is given by

xI‘llll

E[exp ("Z Tdclay)] -

:2—“)\"‘ ):.E (Tlraiu + I’:t )Z) élraru (z) élff (z)

(12)

. trans \Z 1 Upe
Packet delay is denoted by the random variable Tifelay, measured
from the time a packet arrives until it leaves, and its mean is given
by *

- 2

h[Tdelayl - zr?i_[(ﬂﬂm”ﬁﬁ_%'_g'_}_’%n + E(Tuaru) + E(TmXIJ)
5.2’ Delay Statistics for W =2 with Negligible Network Delay

Figure 3 shows an illustrative arrival pattern and completion pattern
of packets for the Wm=2 case. This suggests analyzing the delay
statistics for this case in two stages: ‘ '
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Figure 3.Hlustrative Operation for W2

The first stage is the time from packet arrival at the
transmitter to the start of service at the receiver

12]

The second stage is the time from the start of service at the
receiver to the completion of service :

Figure 4 shows a queucing network block diagram of this modified
system.

e
r SYSTEM I

| ) : |

} ZERO

0 O—{ R D O
| CHANNEL

| .INFINITE TRANSMITTER BUFFER RECEIV!
| CAPACITY CAPACITY

| BUFFER = 2 PACKETS

o

I
O DEPARTURE®

=T, e o0 -
. :_Li' — RECEIVER
IO ) 10 1 O | o

Figure 4.Queueing Network Block Diagram for Wm=2

The first stage acts as a modified M/G/1 queucing system, with the
modification being that the initial service time of a busy period has a
different distribution from the other service times during a busy
period. The random variable Tin denotes the initial service time at |
the first stagé during a busy period, and is given by

Tinis = max(Tirans Trec = Tal = Tians + max(0,Trec — T4)(14)

where T is the arrival time of packet that ends the idle period and
makes the transmitter busy. Note that for the case where
Ttrans > Trer. €.2., when both times are constant, this iniltial interval
involves transmitter delay, and all the delay will occur at the
transmitter and none at the receiver. The random variable Tmax
denotes the service times of all but the first packet during a busy
period: . o
‘ as

The moment generating functions for these -random variables are
denoted by ’

Tmax - maX[ Tmnu.Tml

Elexp (=zTin)] = Ginit (2) (16)
Elexp (2T max)] = Genax(2) a”n

The distribution for the interarrival time is given by
PROBIT, <X1 =1 —exp(=AX) A= 1/EIT,]  (8)

If the packet delay distribution is nontrivial, the maximum mean
throughput rate must be less than the mean of Tmax:

AE[Tonas] = AEIMax (Toans Tree)) < 1 (19)

To determine the delay statistics, we look ‘at completion times of
packets finishing the first stage of processing. At this epochs we can
associate an imbedded Markov chain, where Ni K 20 denotes the
numbér of packets in system at the kth completion ‘epoch. From
earlier definitions, we can write C

ELXM|Ng=0] = Gins IN(1 = X)) (20)
ELXMo|NymJ >0] = X716 mas[AN(1=X)) @D

The invariant measure associated with the imbedded Markov chain
for Ni, K20 is denoted by =%, which has moment generating
function £(X): . '

HX) = AZwKXK X

We . now substitute into this expression using previously defined
functions: '

22)

t00) = moGina A1 = X1 + Azl,\rx—l,r,(c‘,.;.,txu -X) @3

" Rearranging this, we find

28

24)

00) = g XGEA f ] - GmasA(1 = X))

In order for '{(X) to be a proper moment generating function, we
require {(1)=1, and hence, '

3j



1 = AE[Tmail

init max

xQ - (25)
Now we have an expression for the moment generating function for
the number in system at completion epochs to the first stage of
packet processing. We want to relate this to packet delay. Because
the arrival statistics were assumed to be Poisson, the moment
generating function for the time spent in the first stage equals the
moment generating function ((Y) evaluated at Y=(\ — ¥)/\, which
is a deep generalization of Little’s Law (Conway, Maxwell, Miller.
1967, EQ.20, pp.156).. Hence, the total packet delay moment

generating function is now known:

E[EX[) ("Zng/a_;-)] g ;[A_I_Z_ érrr (:) (26)
- I = AE[ T mas) 2 = NGt (2) + AGman(2) G..(2)
TF XEU T = Tl 7 = NT = Gmaxz Pt

For the special case where the Aransmitter and ‘receiver packet
service times are constant, the delay distribution for We=2 is
identical to that for W—oo,

The mean packet delay is given by

E[ Tdr/ay] - (27)

ElTm] + '/&)\(:"'[7_"_1’.,1 =~ Thal ):_E[T?’n] + E(T,)

I +AEL7 init Trazl max
The first term+is due to the start of busy period and includes the
transmitter packet processing time, the second term is due to the
waiting time in the buffer, and the third term is the recejver packet
processing time. For the special case where the transmitter and
receiver packet processing times are constant, we have plotted
illustrative results in Figure 5; the mean delay for W=2 is identical
1o that for W—oo, and for normal operating regions is significantly
smaller than for We],

12.0

-10.0

MEAN PACKET DELAY
o @
[=) [=)

»
(=]

2.0

0.0 N ] 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2
PACKETS/SEC

Figure 5.Mean Packet Delay vs Arrival Rate

cxﬁrcssion for W—eo, which shows how closc the W=2 dclay
statistics can in fact be. '

6. D§I3y Statistics Analysis with Negligible Network Packet Delay for
T Wesoo

Our goal is to calculate the moment generating funcliop of the
packet delay random variable Tderqy, measured from the instant a
~Vet arrives at the transmitter until it departs the receiver. We

examine  two  special = cases for . W= aSsuming
Tirans~rec=Trec—1rans=0. . The packet arrival statistics are Poisson: the
interarrival times are independent identically djstributed exponential
random variables with mean interarrival time 1/A. The transmitter
and recciver packel processirig times are independent identically
distributed random variables, with mean transmitter and recejver

packet processing times denoted by T, and T, respectively.
6.1 Exponentially Distributed Packet Processing Times

The first case is where the transmitter and receiver packet processing
times are mutually independent exponential distributions. This is a
Jackson network (Kelly, 1976, 1979) and we merely cite the results

T,

ol T’ Id
ElTaa) = TR + =57 (28)
A irans2 AT o2

- =+ ‘""mw + 7'(1—..—57;7- + Tirans + Trec

The latter form is given to suggest that the mean packet processing
times at the transmitter and receiver are augmented by a form
suggestive of the mean waiting time for an M/M/1 queucing system,
for the transmitter and the receiver.

6.2 Deterministic or Constant Packet’ Processing Times

The second case is where the transmitter and receiver packet
processing times are deterministic or constant. Packets are assumed
lo arrive at time instants denoted by r=0,4;,4; + A,.... so that Ax

[is the interarrival time between the (k-1)th and kth packet. The

time spent by the kth packet waiting to begin service at the
transmitter and at the receiver is denoted by Tirans,w, and Trec.w,s
respectively.

For Wwmoo, the following recursions specify the waiting time
sequences for packets at the transmitter and receiver: ’

(29)
(30)

where Ci- is the completion time of the kth packet by the
transmitter: . '

Tlraiu.W,?, =~ max (O.Tlraiu,w, + Tirans — Ak+1)

Trﬂ'.W,,, = max (O-Trﬂ-.W, + Tree = (Cors — C))

a1

Our goul is to show that the total time spent by a packet waiting at
the transmitter and the receiver, denoted by Tw,, is given by

Ck -Ar+ -+ Ak + Tlraiu.W, + Tlnuu

(32)

where Tmas=max(Tirans, Trec] is the larger of the two packet
processing times. ' :

Twm -~ max [O.Tw_ + Trax — Ai+1]

Two cases arise. First, if the transmitter is the slower of the pair,
i.e.,
Tirans = Tmlx - ”'ax[Tlraiu,-Trrc] (33)

then T, w,=0 for all values of k, i.e.,:there is no waiting at the

. recciver at all. The closest spacing in time of packets departing from

the lrgnsm‘hlcr is greater than T, and hence we have shown
TW," = max [O'TW. + Tmn - AI(H]' (34)

The second case, Tirans < Tmax, can be handled in two steps. First, if
!

Toens b, + s = Aoy 30 (35)
then from the recursions we see |
Cicst = Ck = Tians )
and hence -
Turans by + Tree Gan

= Tirans.w, + Ttraiu = Ak+1 + max [O-Tm.W, + Tmas = Tiians]

= Tirans.w, * Trecw, + Trnax — A1 2 0
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or in other words

Tw,., =" Tw, + Trax — Ak+ (38)
as was desired. The second special case is the converse: if
Tionsp, =0 Tuanswy + Tirans — Aks1 <0 (39)
so that '
Cist = Ck = Akt = Twans.w, + Tieans W, (40)
Substituting this into the earlier recursions, we see
"Tirans w,,, + Trec.W,o | 41)
= max[0,Tirans w, + Trec.w, + Temax = Ai+1]
or in other words
_ Tw,., = max[0,Tw, + Tz ~ Ak+1] (42)
and hence we have obtained our desi.-r.cd resuit.
_ Using this recursion, the mean packet delay is given by
ElTaelay) = Tirans + Tree + AT a2 ATma < 1 (43)

max.

6.3 Interpretation of Results

For the first case, the transmitter and receiver processing times
exponentially distributed, the mean packet delay is idemtical to that
of two M/M/1 queucing systems. The mean packet processing time
is inflated or multiplied by the reciprocal of the fraction of time each
stage is idle. ’ :

For the second case, the transmitter and receiver processing times
deterministic or constant, the mean packet delay looks like that of a
single M/D/1 queueing system, with the slowest stage contributing
all the waiting time, while all the stages contribute to the packet
processing time delay. For the case where Tiyans > Tree this will be
the case; for the case where Tirans < Tree, in fact there will be some

- delay at the transmitter stage, simply due to the bursty nature of the

Poisson process (i.e., an arrival has a nonzero probability of occuring
within the transmitter packet processing time of a previous arrival),
but the system behaves as if all the waiting were at the transmitter.
Due caution is needed.
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‘Modelling and Monitoring a LAN, .

One Experience
[ 4
W. Bruce Watson s ;s

-

Lawrence Livermore National Laboratory

Livermore;.

California

\

- This is a p.arvtial" summary of efforts to design, model,
- measure and optimize a large, Hyperchannel-based, local - .

. network.

I elaborate upon the cfclic

interaction of these

four activities and contrast our successé€s and failures in

each with its costs. "

Keywo?‘ds:
network; model validation;
performance evaluation.

! 2,
¢ 1. Introduction

Clark, Pogran and Reed! have
.suggested that the issues of local

.....network _design_can_be_classified as

discrete event simulation; Hyperchannel based
network monitoring; network

network performance, and further that
performance js not only strongly .
dependent on the traffic but also upon .
the mutual interaction of the traffic, :

either configuration issues or protocol .-
issues. They visualize networks as
consisting of four basic elements; the
transmission medium, a control mechanism,
the interfaces and the protocols.
Network performance is not only strongly
dependent upon each of these elements,
but also upon their mutual interactions.

As has been pointed out by .
Sunshine?, Pouzin and Zimmermann®, and
others, network traffic.properties such
as message sizes, rates and their

. distributions have a great eff/ect on

Work funded by
Standards and

auspices of the
Energy by  the

the National Bureau of
performed under < the
U.S. Department of

Lawrence Livermore

National Laboratory under the contract:

number W-7405-ENG-48.- :
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the configuration and the protocols.

The study and characterization of
these interactions is one of the goals of .
current local network research at LLNL
More specifically, the Local Network
Research Group (LNRG) is currently
investigating the traffic characteristics
and network performance in an operational
High Data Rate Local Network (HDRLN) as
part of a study being conducted for the
National Bureau of Standards (NBS).. As
currently envisioned, the NBS sponsored
investigation will not only rely on
monitoring and measuring techniques, but
also make extensive use of a model, a
comprehensive, discrete event, computer,
simulation' of Network Systems :
Corporation’s (NSC) Hyperchannel

Monitors and models can be¢ and have
been of critical importance in the

35



. . . o
design, implementation and tuning of
local arca networks (LAN) and network
operating systems (NOS).  For example,
modelling and simulation can verify and
explore the anticipated performance of
tentative LAN designs well in advance. of
their actual implementation. Once
implemented, modelling and monitoring can
help the designer better understand, and
tune the implementation enabling him' to
enhance its performance in some desirable
way. This is basically an iterative or
feedback process that is a part of the
larger, cyclic, design—measure—model
process depicted in figure 1. Modelling
gnd monitoring® provide the feedback
without which effective design is not
possible. This design—-measure—model
process is certainly nothing new and 1
only mention it here to stress its cyclic
nature and that much of its usefulness
derives from the fact that.it is cyeclic.
Modelling, for example, is a way of
checking out a design through simulating

Implement

Model/Validation

Extrapolate

\

The cyclic, design-model-measure process

Figure 1. ce
( | ), showing various possible feedback paths ( | ).

™\
A\

\ .

its behavior in advance of (or
cofvcurrently with) its actual
implementation. Ideally, as flaws are
detected or enhancements discovered

. during the design’s simulation,

~ beneficial modifi

. methodologies in the following way: -

33

.the Hyperchannel;

tions are fed back
into the original design and its model,
the whole process being repeated. This

-is a cyclic process that is hopefully

speedily and cheeply convergent. Today,
no serious designer of network protocols
and hardware -fails to simulate his
designs. It is probably the only
practical way of knowing whether complex
state diagrams are complete and accurate,
or of selecting one from among a set of
competing designs.

F‘lgure 1 indicates that the pomts
of feedback in this cyclic process occur
at the modelling and measuring locations.
Without modelling and measuring,
successful and efficient design and
implementation of things as complex as
networks becomes difficult if not
altogether impossible. If you don’t
(can’t) model it, how can you hope to
understand it, and if you don’t measurc
it how do you know if it’s working right
(how can you hope to fix it)?

So, the NBS pro;ect will proceed by
a composite of simulation and measurement
we
will use a monitor to study the
performance of LLNL’s HDRLN, the Craynet
(a Hyperchannel based LAN); we will also
use this monitor to validate LLNL's
discrete event, computer simulation of
and we will use this
validated simulation to characterize the
performance of a HDRLN at extrapolated
loads (loads derived from measured values
by extrapolation).

I shall use the cyclic,
design—model-measure paradigm as the
schema throughout the remainder- of the
paper for.elaborating upon our
experiences, our successes and, failures,
and the costs.

2. Design

The Craynet, figures 2, 3 and 4, a
high data rate local network (HDRLN), is
the 'only access the user’s have to LLNL's
complement of three (soon to be four)
Cray computers. It is also the only
access the Crays have to facilities such '
as the long term storage and transfer of-
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0CTO-
\ PORT
A A A A A A | A
130 130 130 12m 12m 120 470
Tm Tm 9.2m Tm Tm 9.7m
A, B. A. A. B.
PDP .
-10
) B.
A A | | A A A A A
130 130 130 - 220 510 400 400
272l 1m 1] 1m [[ 55m [ tm [] 30m J[ 10m ]
: A. A. B. |
VAX ~ ( 7600
11/780 R QA
B. LN '- .
: A A A |/ A A A A
400 327 120 120 540 540 400
T _10m | 5m | 1m I _5m [ 1m ]| 85m |
A. c..c.c.’
B.|
A A Y\ A A A
130 130 130 130 130 130
T 1m [ 1m T 10m J]_ 1m “[[_1m ]
Connectors "A, A. B. A, A.

A.— LEA 76-903301 (RG59B/U)

KC59-232 (BNC)

B. — BELDEN 9248 (RG 6/U)
TEI 14949-UPL 20-41

C.— ANDREWS FHJ4-75
ANDREWS 44AN75 (N-Series)

*  C./— BELDEN 9292

Figure 2. The CRAYNET, a schematic showing connectors, spacing, adapter types an‘d attached hosts.
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jgure 3. OCTOPUS NETWORK, with the CRAYNET subnet shown in heavy black lines.

files as well as to the usual output
devices. :

Figure 2 is a séhematic diagram of
the various Network Systems Corporation
(NSC) Hyperchannel adapters that are

¢

0

“

attached (or will soon be attached) to
the Craynet. It shows their spacing
along the Hyperchannel coaxial cable, the
connectors ‘each one uses as well as the

ccomputer/service to which each one is

connected.
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o A = Adapter number
; X/P C X = Transfer rate Mbps
d A, P = Adapter priority

evice _ Device = Host/device

type: : TYPE = Adapter TYPE
320-3200 kbits/msg burst mode
320-3200 kbits/msg multiplex
mode : :
1 kbits/msg, multiplex mode
25-250 kbits/msg multiplex mode

o0 o[]

MASS
A120

50/10

7
PDP-11
A410

5/11

Figure 4. An older, single CRAY version of CRAYNE:T showing traffic patterns and message sized. o
Octopus, tigure 3, LLNL’s" computer network. The Hyperéhannel based Craynet
network, has evolved over the:last °15 is represented in figure 3 by the heavy
_ years as a packet switched, store and black lines. IL is the latest additio
forward, partially connected mesh - to the Octopus network. | >
36 : 7
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Figure 3 depicts the logical
interconnection of the three Cray
' computers, a plethora of storage devices,
output devices and terminal
concentirators. The Craynet, a broadcast
network, is thought of as an adjunct to
the Octopus network. It was looked upon
as a elmple way of achieving many point
to point paths amongst all the various
host machines, output/storage devices,
and terminal concentrators for all newly
acquired computers.

) Indeed, some of the traffic on the
Craynet is slore and forward traffic from
the Octopus network—internetwork traffi¢
requiring certain machmes to act .as
gateways. For example, files from *‘ie .
Crays destined for the automated tape
library (ATL) must pass through the
multiple access storage system (MASS),
‘which acts in this instance as a gateway
- to the older part of the octopus network.
‘The actual path of transfer is then,
Cray>MASS=>7600-S=>PDP-102ATL. | mention
this because we at LLNL tend to think of
dnd use (and possibly short sightedly so)
the Hyperchannel as just another link in
the existing message network the
‘Octopus.

Table 1 presents the data paths
within- the Craynet indicating the message
size and modes of transmission per path.
It is interesting but not surprising to
observe that many paths are not used.
Indeed, if one considers only the major
traffic and assumes that messages never
need to travel in store and forward mode,
the Craynet configuration logically
begins to resemble a star, with the three

production runs. During the night and on -
weekends, the Crays are mainly used in
production mode. .

There are radical! differences S
between the daytime, user generated tasks
. and nighttime, production ,orjented-, tasks '
of the Crays.. During the day, the tasks
are numerous, small and execute for short

“periods of time. The opposite conditions
occur at night. Because the timesharing

system is tuned to reflect this
disparity, mteract1v1ty is very poor
during* the nighttjme; hours, and large
prcgrams seldom get loaded or executed
during the daytime hours.

r
3. | Model

It is unfortunate from the
standpoint of this c3)cllc paradjgm whose
virtues I am trying to extol that the
Hyperchannel, the Craynet, and the °
Octopus network itself were designed and
implemented without the aid of any formal
modelling or computer Slmulatlon
techniques.,

Who  knows how much easier it would .
have been to do all of this, or how much.
more efficient these designs could have
been had modelling been used? _ |
Unfértunatcly. history doe$ not. record
its® alternatives, and it’s difficult if

_ not silly to try Lo argue with success.

As an aside, it’s worth noting that
durmg the initial design of Ethernet,
extensive use was made of modelling and
computer simulation techniques;to.

Cray adapters as the central node and the eliminate the useless or deleterious

concentrator/storage/output adapters as
the peripheral nodes. Figure 4 depicts
this for an older, single Cray version of
the Craynét.

The Crays are large, fast computers
operated under {imesharin;. Their
principle use is in the numexical
solution of large systems of partial
differential equations pertaining to
physics calculatlons During the day,
most programmers/physmlsts are
developing new versions of their
calculations or deblgging existing ones.
In addition, 'a large number of users are
preparing input to these calculations to
be performed during nightly production
runs. Finally, a lot of users use these
machinés to further process and analyze
results and output from previous nights’

37,

: features, and ortimize the favorable.

ones. By such a process, its de51gners
finally arrived at what has come to be
called Ethernet-—carrier sense multiple .
access with collision detection (CSMA/ED) "
.with binary backoff and retry. Both the _
original Ethernet and the now o Lo
commercially available product perform

~ excellently the tasks for which the{ were

designed. —

The Hyperchannel, on'the, other hand
which predates, the Ethernet by quite a
few years as a commercial product was.. |
designed and implemented almost entlrely.
without the use of models and simulation.
With its CSMA media access method and °
link level protocols, it is capable of
overating faster than 8000 messages : a
second (512 bytes per message), i.e, 120

\‘-.

. N 1



Table 1. Showing message sizes, paths and transmission modes for the CRAYNET. Here, O represents 1,2-250 kbits/msg"‘
sent in multiplex mode; @ represents 0.49 mbits/msg sent in burst mode; and O represents 0.49 mbits/msg sent in
_multiplex mode. ' - K '

To

F
R
Y

<> DO

>30O

Y

<>DO

<PDO

S
E
L

nwnd>2

x £ 3%

= vO0OwDvo
oo~
DNOITO-

7
6
0
0

0 S

“ ® ~T o O D

ool

34

[-cl-cl-c]

-e]-el-e|-r|-e-F]-1] 2] TTT I [[strspal]

Adapter #

12

13

14

2

22

23

24

25

26{99

4 7

o

8 |9 |10]1|15[16] 21} 18| 17] € |19] 20

CRAY-C

-C

-C

CRAY-D

22

23

24

25

26}

27

0 X 00

o]

Y
® 0>

 SEL

0]

o
o
o 00

U-mux.

0]
0|0 |0O|0O|O

0]

olo|o

olololo|o]o

ololojolo|o

olololo|o]lo
o

PDP-11
© §TC

10

PDP-10

11

°

VAX

15

819's

16| @

TMDS

21

o}

0@

o|@®
L

7600-R

18

7600-S

17

7600-U

CHORS-1-

19

CHORS-2

20

4

Adapter Type

1
39

1

39

1

30

1

30

1

39

1

39

1

30

4, 14 4

7, 1% |3
3p] 2m] 2ml 0| %] % 'o|"20f %] %s

micro—seconds per message.

Yet when the
various hosts in the Craynet, figures 2,
3 and 4, are subjected to loads such as
given in tables 1, 2 and 3, they are
unable to present to the network a load

anywhere near this magnitude, perhaps a
few hundred messages per second on a
sustained basis (and during peaks?).
Well, in 1977, as part of a research

project at LLNL to evaluate Hyperchannel
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Table 2. CRAYNEf‘messagé sizes, frequencies, modes and paths where BM = data stream mode,

VW VDO N N NS BB WM W W W e

and MM = packet mode.
Source , Msg. Max. Még.
Adapter # Sink Size  Frequency Msg. . \
(= priority) Adapter #  (K-bits) (msg/sec) Mode* Desc;iptiﬂc
(12,22,25) 4,5 490 | BM CRAY-D-to_AAss (file xfer)
(12,22,25) 16 490 BM  CRAY-D to COC 819 DISKS .
(13,23,26) 10 490 <.07(2) ~ MM CRAY-D to STC tapes
(14,24,27) 7. 2-250(?) BM CRAY-D to SEL
(14,24,27) 8,9 .2-.8 4 MM CRAY-D to terminals
(14,24,27) 11,15 .2-.8 ° (?) MM Store & fwd backup terminal msgs o
(14,24,27 16 '32-262 , MM CRAY to TMDS (Text-Pix Display)
(13,23,26) 19,20 . 360 5 MM CRAY to CHORS '
, 5 12,14,22,25 490 BM  MASS to CRAYs (file xfer)
5 17 490 BM  MASS to 7600 (file xfer store/fwd)
, 5 7,8,9,11,21 .018-.8 (?) MM Store & fwd backup terminal msg
3,14,24,27  .018 < 2(?) MM . SEL to CRAYs terminal MS «
8,9,11,15 .018-.8 (?) MM  SEL to TTYs (store & fwd), 1/0
21 (?) (?) MM SEL to TMDS (?)
3,14,24,27  .018 < 2(2) MM - p-mux to CRAYs input TTY msg
9,11,15,21  .018-.8 (?) MM p-mux, store & fwd TTY msg, 1/0
3,14,24,27  .0l8 <2(?) MM PDP-11 to CRAYs input TTY msg
11,15,21 .018-.8  (?) MM  PDP-11, store & fwd TTY msg I/0
10 13,2,23,26 490  (?) MM STC Tape to CRAYs
11 3,14,24,27  .0l8 (?) MM PDP-10 to CRAYs store/fwd TTY input
11 17 490 (2 BM.  PDP-10 to 7600-S store/fwd xfer
15 3,14,21,24,27 .018-.8 (?) MM VAX store/fwd TTY msg 1/0 B
16 v 1,12,22,25 490 (2) BM  819's to CRAYs file xfer
17 4,5 490 (?) BM  MASS .to CRAYs file xfer
17 11" 490 (?) BM  7600s to POP-10 store/fwd file
18 o ' |
19 CHORS
20 CHORS )
21 3,14,24,27  .018-.8 (?) MM . TMDS. to CRAY msg store/fwd
16 4,5,7 490 (?) BM  SEL/MASS store/fwd file xfer via 819
21 4,5 (2) MM TMDS to MASS ’
21 7,8,9,11,15 .018-.8 (?) MM TMDS, store/fwd TTY msg 1/0
39
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Key to Tables 1 and 2

- STC . STORAGE TECHNOLOGY CORP. ‘tape controller and 6250 bpi drive

CRAY CRAY RESEARCH CORP. CRAY-1 computer
7600 CONTROL DATA CORP. 7600 computer
PDP-11 - DIGITAL ELECTRONICS CORP.  secondary terminal concentrator
VAX ~ DIGITAL ELECTRONICS CORP.  computer
PDP-10 DIGITAL ELECTRONICS CORP. computer
TMDS LCC designed television display monitor gystem
819's CONTROL DATA CORP. : network disk(s)
SEL SYSTEMS ENGINEERING CORP.  internet gateway (octoport)
B-MUX LCC designed - terminal concentrator 9600 baud -
MASS . LCC designed ~ ‘multiple access storage system (CDC
| | 138/500, TI-980 o
CHORS LCC designed computer’ hardcopy output recording
: - | 'system (18000 lpm printer and ufilm)
based networks and their potential, a - but observe that many of these
discrete event computer simulation of the shortcomings were corrected in its
Hyperchannel was developed. The initial design.
thrust of this project was to explore the .
performance of such networks, but very What I am describing here is a
quickly its goal became the detailed ) design—model feedback path that
examination of Hyperchannel functionality transcended not only ‘a succession of
(adapter hardware and protocols). Much products, but. also the relationship
was learned gnd much, between vendor and customer, where all of
reported.4'5'6' 8.9 mostly about certain the designing occurred in a private
shortcomings and inadequacies of these corporation and all of its simulation
protocols, and their impact on occurred in a government laboratory. As
performance at loads higher than occur in one could expect, such a feedback path is
the Craynet. ‘ " greatly attenuated by the conflict '
_ between a corporation’s need to protect :
I bring this up only to indicate the its ideas and the government’s insistence
feedback that took place subsequently in that the results of all publicly funded
" the design of their new product, the . research end up in the public domain.
Hyperbus. NSC did cooperate extensively Add to this conflict of needs the legal
with us during the development of the . restriction that the U. 8. government
Hyperchannel model, and corrected those may not fund a project that would result
problems brought out by simulation that. in an unfair advantage for some -
were ecomically feasible to correct. corporation(s) over its competitors.
‘However, a few potentially serious ’ ) : .
shortcomings remained, notably in the As another example, 1 have been
| area of “buffer management. Today if one  assured on several occasions by people

compares Hyperchannel functionality with within Control Data Corporation (CDC)’
that of the new Hyperbus, one can’t help that-not only did they benefit from our

40 43




studies of the Hyperchannel in the design
of - their own network product, the Loosely
Coupled Network (LCN), they also made
great use of their own computer models
and simulations.

And lastly, the Amencap National
Standards Institute (ANSI) also
benefitted from the LLNL apd CDC
simulations. That is, the ,ANSI
committee, X3T9.5, proposed standard, the
Local Distributed Data Interface (LDDI) .
that is currently in the final stages of
approval, embodies bagically a
Hypexchannel—hke design with, in my
opinion, all of its shortcommgs and . *
inadequacies corrected. The point I am
trving to make is that in at least three
instances a design was improved by the
feedback of information obtained as a
direct result of the smulatlon of the
orlgma] design.

What did all of this cost? The
rosts lie mainly in three categories:
language costs, model development costs,
and simulation execution costs: ‘We used
the ASPOL language (a CDC software
product for 6600 and 7600 machines only),
which operates only under CDC operating
systems. As simulation languages go, it--
was fairly inexpensive to acquire and to
master (compared to CACIl’s SIMSCRIPT),
but not particularly powerful or
ubiquitous (compared again to SIMSCRIPT).
The model required about one half-of a
man year to program and debug. Finally,
computer. simulation used about an hour of
- CDC-7600 cpu time per study (depending of
course on the nature of the study) for
the type we did.*>6758

Before 1 leave this section on
modelling/simulation, 1’d like to explain
how the model was used to help design-a
network monitor (currently being built
for LLNL by an outside corporation
entirely with funds provided by NBS). If
the reader wishes to avoid reading a lot
of gory detail about buffer size
determinations, he may skip ahead to the
measurement section.

The Hyperchannel Monitor Device
(HMD), figure 5, will detect, time-stamp,
bus—label and write to magnetic tape
selected portions of all frames that -
appear on each Hyperchannel transmission
cable (bus) to which it is attached.
Specifically, the selected portions are
the frame header and part of the frame
body, figure 6. :
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Figure 5. A schematic of the HMD showmg data paths
(dotted lines), position of critical buffers and FIFOs,
and maximum, data transfer rates in megabits/second.

The HMD is totally passive. as far as
the Cr"aynet is concerned in that it never

~originates any network messages of its

own, nor is ever the explicit recipient
of any. It will not impair the normal
operation of the Craynet in any way.

attaches to the Hyperchannel at the

physical end of the buses replacing the
terminators that are usually there.

It

Since each bus normally operates at
a rate of 50 megabits/second (Mbps), the
HMD must be able to copy bits from each
bus into internal buffers at this same



Fig. 6. Hyperchannel frame format.

rate. The 50 megabits/second rate is the .

instantaneous maximum rate at which bits
could arrive at the HMD, However, due to
the time multiplexed ,asp\act of the
Hyperchannel bus access \strategy. and the
fact that it is only the \fronts of frames
that are -copied, the av l;% sustained
maximum data rate is on]y a few
megabits/second. K S

As the HMD collects data, it writes
it to a magnetic tape. Data reduction
and data base management routines will
subsequently analyze the data on these
tapes on some suitable computer(s) in.the
Liverinore Computer Center (LCC).

At the outset, by far the most
critical design question we had té answer
was, Could the various internal buffers

‘in the HMD keep up with the data rates

expected to exist on the Craynet? To
answer this question, we used the
discrete event simulation model of the
Hyperchannel. We subjected the modelled
Hyperchannel, figure 2, to a steady state
load similar to those discussed in the
above section and depicted in the plots
at the end of this memo. As far as we -
could tell, this load is real and .
typical, and amounts to about 5% of the

Craynets capacity.

Briefly reviewing the internal
buffers of the HMD, figure 5, there is a
FIFO buffer that receives data from the
Hyperchannel bus, i.e. there is one FIFO
per bus in the network. Each FIFO is
capable of receiving data at the bus rate

Part Field ° Bits
Sync 24
Fiania code™ g 1|
. Access code 16
T.o
l;rame From . | . 8
header Response 16
Length count’ 16
Header checkword 16
Data L n
?i:lt: Data qt_:\eckword 16
Sync 56

of 50 Mbps. 'Eac_h FIFO consists of 32 (or
64, 96,.128) 128-byte entries.” Each
entry can hold the data captured {rom one

..and..only..one_Hyperchannel frame. ' Not all

of the bits in a Hyperchannel frame are -
desired, only the leading bits containing
information about the. frames function,
size and routing, figure 6. So, no more
than 77-bytes of data are ever captured
from any Hyperchannel frame. There is,
in addition, a 5-byte time stamp and a

~ 1-byte bus label that must ultimately be

appended to these data bytes prior to

"their being written to tape.

Consequently, the maximum amount of data

- to be written to tape for each frame

appearing on a Hyperchannel bus is
83-bytes. - To simplify the subsequent
retrieval of data from this tape, all _
tape records must be some multiple of
this 83—byte logical record.

To continue, the FIFO empties into
an intermediate buffer in the 8089 bus
board in which it resides. - Each 8089
buffer is easily capable. of keeping pace
with its FIFO, (but not with the
Hyper¢hannel bus), so this-interface is
not- likely tc be a bottleneck and
requires no vurther attention.

Each 8089 buffer empties over thé
multibus into the 8086 buffer, moving '

© over this path at a maximum rate of 16

Mbps. Finally, the 8086 buffer empties
to .tape, also over the multibus, at a
maximum rate of 1.6 Mbps (1600BPI at.
125IPS).

We will ignore for the time being
such concerns as whether or not a FIFO
can simultaneously. fill from the bus 'side -
and empty out the 8089 side. Similarly, .
we need to know that the 8089 and 8086
buffers can empty and fill
simultaneously, and if not, what effect
this will have on their data transfer
rates.

The first question examined with the
aid of the simulation model was, Can a
FIFO keep up with the Hyperchannel bus
for the presented loads? Two 32X128-byte
FIFOs can empty at 16 Mbps in about 4

milliseconds, assuming that all 128 bytes

of each entry moves to the appropriate
8089 buffer regardless of whether they
hold data or not. If this is the case,
we next ask how many frames will appear
on the two Hyperchannel buses in any
given 4 millisecond window?
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Specifically, is it more than 647 . What
we are dealing with now is not bit rates
but frame and entry rates. The model
indicates that for the given load,
monitored for a 20 second period, 85%. of
the 4 millisecond windows contain fewer
- that 10 frames, but the probability is
almost 100% that at least three 4
millisecond windows will contain in
excess of 64 frames. The implication is
that the FIFOs will overflow once every
6.66 seconds for the given load on the
average. That is, no FIFO of any depth

can hope to keep up with the Hyperchannel

if it is emptied as described above.

On the other hand, if only data bits
are transferred, we get a different
result. In this case, we can think of a
128-byte—wide, entry as merely an
addressing .convenience, and that when
data moves from these entries' to the 8089
buffer, only data, time stamp and
bus-label bits are taken. When operated
in this fashion,  we can .ignore the frame
rates and concentrate simply on the bit
rates associated with the data captured-
from the buses.

For the same load 'used in the above
experiment, we observed: that the
average number of bytes captured from the
Hyperchannel frames was about 45
bytes/frame; that the peak data rate for
both buses combined was 60 Mbps, for a 4
millisecond period; that the peak ‘capture
rate for both buses combined was about 8
Mbps for a 4 millisecond period; and that
the average data rate for the captured
data over the 20 seconds of the
experiment was about 380 kbps.

. Since the FIFOs are emptied at 16
Mbps, it does not appear that a two 32
entry FIFOs will ever overflow for the
loads modelled even when we consider the

extra load created by the addition of the

6 bytes of time stamp and bus label.
That'is, each captured, 45-byte record is
expanded to 51.bytes, thus resulting in

_an apparent F‘IF‘O to-8089 buffer bandw1dth

of about 45/515s, or 84%, of its actual
" value.

How often do peaks occur on a
Hyperchannel bus under a normal load, a
load that we have tried to model given
the data plotted in the figures within
this report? We can not answer this
question. This is one of the questions
we hope to answer once we have the HMD.

Unfortunately, it is one of the things we -
' 43

needed to know in order to properly’
design it. However, if we subject the

" simulated network to the steady state

load described herein, contention peaks
occur. A contention peak is one that
occurs due to the randomizing effects of
the contention algorithm upcn bus access,
granted to various nodes with various
size messages to send:

The model ‘does give us a feeling for
what the magnitude, frequency and
duration of these contention peaks is.
The two buses together peak”at a' rate of
60 Mbps for a duration of 4 milliseconds,
once every 20 seconds. Lesser peaks
occur more frequently. For example, a 40
Mbps peak of 4 milliseconds duration
occurs once every 0.2 seconds. | .

'I‘he next questlons we answer are.
What was the average rate at which bits
were captured during the simulated time?
and How does this compare to the
8086—-to—tape write rate?

During the 20 seconds of simulated.
operation, data was captured at a’' rate of
380 kbps. Again, the average number of

.captured bits/hyperchannel frame is 45 -

oytes. . These captured data bits are
augmented with 6 bytes of time stamp and
bus label, expandmg the number of bits
destined ‘for tape'from 45 to 51 bytes
worth. However, to .maintain simplicity

in the subsequent retrieval of data from
this tape, these 45 (plus the 6 above)
bytes flow onto tape in 83-byte records,
(or multiples of 83- ~byte records). We
recall that sxmphcnty is often expensive
as we note that imbedding 45 bytes of
data in 83 byte records acts to diminish
the effective!bandwidth of the tape, i.e.

a reduction from 1.6 Mbps to .867 Mbps.
Fortunately for us, 867 kbps is more than
adequate to keep up. with the average

Ncapture rate ‘of 380 kbps.

~What we need to know next is the-
size of\ the 8086 buffer required to
handle the peaks likely to occur. Again,
since we ‘know nothing about these peaks,.

" the best we/can do is explore the effects

For the sake of
lets postulate an 8086 buffer

of contention peaks:
argument,

. that requlres one second to write to
! tape, reahzmg that the rate at which
.~ data is ‘written to tape depends on a lot

of factors such as multibus availability

iand the average number of bits
i captured/Hyperchannel frame.
'simulated the load described herein,

We
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looking at .5 second windows trying to
determine if any of these windows '

contained more captured bits than would
fit into half of some size 8086 buffer.

That " is we are simultaneously trying to

determine the size of the 8086 buffer and
the effective 8086—to—tape transfer rate.

We found that during 205 ‘seconds of
simulated time, the average captured data
rate was 412 kbps and that the average
number of bytes . capture/Hyperchannel
frame was 45.° The fact that this latter
average is so high means that data could
move to tape at more than half (45/839°s)
its peak, rate or at .867 Mbps. This
implies that an 8086 buffer that is as
large ‘as or larger than .867megabits
could keep up with the contention peaks
associated with the steady state load
simulated. Further examination of
simulated results shows that of the 410
.5 second windows in this experiment,
none contained more than 350 kbits.

The same experiment was conducted
assuming an 8086 buffer half as large as
above, i.e. 512 kbits, capable of being
written to tape in .5 seconds. Looking
at .25 -second windows, we observed that
about 1% of them contain more than 256
kbits, 'i.e. more than half of the 8086
buffer. This implies that 1% of the time
a 512 kbits buffer would fail to buffer
the input peaks.

One final observation is that as the

‘number of bits per message presented to

-frame decreases.

the Hyperchannel decreases, the average
number of bytes captured per Hyperchannel
The implication is

clear; the effective 8086-to—tape
bandwidth will decrease as a consequence. .
That is. the tape will be less likely to
keep up for two reasons; data (mainly
protocol frames) is arriving too quickly,
and the transfer bandwidth is diminished.

| think ] can conclude from all of
this that for the loads modelled, any
reasonably large 8086 buffer, e.g. 1024
kbits, should enable the tape to keep up
with the Hyperchannel, assuming that the
multibus can accommodate a doubly
buffered 8086 buffer.

Those were the major design
questions we had to answer before we
could have any confidence that a monitor
could be built, a monitor that would '
capture the desired data almost 100% of
the time. It is possibly worth noting

two things in passing. First, the above
use of the model is a premier example of
the cyclic design process ‘depicted in
figure 1. For | have described how the
network model helped design the network
monitor, the monitor which itself
subsequently will help validate the
model. And second, once there is a
computer simulation, it is relatively

easy, inexpensive, and informative to
perform a peripheral study ' such as this
one.

-

4. Measure

There are at least-two ways to
measure the performance and behavior of a
broadcast network. One can install
software network wide in . every host
operating: system and thereby measure and
monitor every host’s network related
activity. However, he would have to
design such software uniquely for each
different host system. Presumably the
results of such monitoring would somehow

‘be collected later at some central point

for analysis and interpretation.
Alternatively, one can simply just
monitor the broadcast network’s

“transmission medium.

Each of these two techniques has its
advantages and disadvantages. For
example, using host resident. software, it
is easy to determine network message
queues and host to host transmission
delays, and network throughput on a per
host basis; but it is almost if not in
fact totally impossible to synchronize
the initialization of host monitoring
software network wide so that all the
measurement periods cover exactly the
same period of real time. In addition,
if the network itself is used for the
continuous- collection of measurement data
at a central sight, then the network’s
performance will have been effected by
the measurement process. Finally, if

"network monitoring software was nnt

included in the design of each hos\’s

' . operating system at its outset, adding it

later is usually prohibitively expensive
if not impossible to-accomplish given a

- diversity of hosts such as in the

Craynet. On the other hand. using the
second alternative, medium monitoring,
network message queue length information
is inaccessible, and transmission delay

can only be inferred and then only during
periods of low loads (no message queues).
However, network throughput information

a4
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is precisely knowable for arbitrarily , In figure 7 is plotted the number of

small or large measurement periods. " user-—job- initializations/minute during a
Ideally, one would proceed by using both 24 hour period. The number of
techniques, and indeed we at LLNL are . . initializations peaks at a value. of
attempting to measure the Craynet by a 65/minute just before lunch.

composite of both methods.

In figure 8 is plotted the number of
user—jobs loaded into main memory for .

4.1 Software monitor execution under timesharing per minute\_
T : during a 24 hour period. The number of :
‘What follows next is a brief loads peaks at a value of 350/second just N
description of the kinds of things we’ve before lunch. ' : N
been able to measure so far using : ‘ ' -
monitoring software residing in some (but in figure 9'is plotted the number of
by no means all) hosts. Following that output files generated per minute during
is a commentary upon- and evaluation of a 24 hour period. The number peaks at a
our results so far. . ~value of 4/minute at 7 pm. . This peak
! ‘ occurs then, -because a lot of low
e Craynet is currently monitored - priority output files, which are

by the| systems of some of the host
computiers connected to it. The data
accumyllated by these host systems is ' 360

_periodjically and routinely collected, ' [ N
analyzed and plotted. Much useful g 320 - i
information ‘is thereby available £ 280 -
concerning the use that the various hosts . E B 1
make of the network. The Cray operating @ 240 ]
system monitors all of its own traffic © 200} —
into and out.of the Craynet. It is not ® i 7
practical nor desirable to present all of = 160 ]
" the results of the data thus collected. S 120 —
However, | shall present some of the more € B 7
interesting results pertaining to 80 K ]
peripheral 1/0, terminal message. and file 40
~_transfer activity. The plots, figures 7 0
to 17, were obtained from just the Cray~C ‘ . ‘
machine, the most heavily used of the : Time (hours)

four Cray computers. ,
Figure 8. The total number of user programs
initializations per minute.

70 T —I 1 1 L I T l T I T [ i . ) _] 1 l T LIS I L I T
60 | - ‘o N 7]
. . [ 7
E 50 - 8 3+ —
£ 40 1 & 1
g 4 -§ 2 —
3 ()
3 30 1 & f T
1 —
20 1 : ’\ }
10 I i L 1 I L l 1 i ’ o . J;“l 1 l J
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (hours) Time (hours)
Figure 7. The number of first-time initializations éf Figure 9. The total number of user/program generated
user programs per minute. output files per minute.
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‘accumulated during the day, are - 85 T —T T T T ]
off-loaded al night. Incidentally, some - - . -
of .Lthese files -are sent over. the '

' C;‘ay—_Chors path (see table 2 and figurme
” 4 . . -

Figures 10, 11 and 12 plot data that
pertains to disc file creations and data -
transfers to/from the Cray machines
disks. It is interesting to' note, figure
12, the transfer rate reaches a peak
value of 50 megabits/second, a peak that
is maintained for hours at a time. None
of this disc activity involves the '
Craynet or Hyperchannel.

Mega bits/second

\

12 16 20 24

Time (hours)
- . The previous plots and discussion ‘

. are intended to give the reader some Figure 12. The total number of bits/second of disk traffic
feeling for the kinds and intensity "of into/out of CRAY~-C machine. '
MO—r———T T T T T " T 71 activities taking place on'the Cray-
" ' ' ! machines. It-is one of the purposes of
: the NBS study to somehow relate this
: 90 = activity and intensity to the traffic
e - measured on the Craynet. However, this
_E_ 70 work can not continue until the- '
£ + Hyperchannel monitor device becomes
8. 50 available. .
LT ~ Figures 13 and 14 depict the
30— terminal traffic in and out of the Cray
o : C-machine over.a 24 hour day. These
o ol T I figures show that the maximum input rate
0 4 8 122 16 20 24 " is.about 350 messages/minute, (8000

bytes/minute). These messages arrive at
the Cray-C machine over a variety of

, , . paths from the different terminal B
Figure 10.. The total number of files crcated by concentrators, (see table~1). It is not

Time (hours)

userfutility p(%rams per minute. possible to distinguish amongst the
‘30 7 T I T l T T T —] ! l 1 60 0
500
° 30 g
8 E 400
2 E
g 2 g 300
g 3
Q g 200
< 10 s ,
100 /
0 H l y ‘| l L l 1l I ! | T o L2 tiEh
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (hours) Time (hours) /
Figure 11. The total number of disc accesses per second Figure 13. The total message tmfﬁc to/from CRAY;C/
caused by user/utility/system programs. machine for all terminal concentrators.
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of déta flow over a 24 hour day from the
Cray-C machine to the TMDS. ~

File transfers, in bits/second, to
and from the MASS storage device are
plotted in figure 16, and reach a peak
alue of 3.5 megabits/second around 3 pm.
The maximum network message associated °
such file transers contains around

he computer hardcopy dutput ,
g system (CHORS) provides the
users with their principle output

ST T
0 |
-
3 -
£ .
£ 20
3
= - wi
g 10 200\ kilobits.
X . . ; . »
o/ ~ N L . ‘
7 Vs record
0 X "-'F”l 1oL Y"ﬁ"&'\
0 4 8 12 16 20 24 - service.

' Time _(hours)

Figuré 14. The total message traffic, in kilo bytes/
minute, into and out of the CRAY-C machine for al
concentrators. ‘

contributions of these various paths to
~ this data.

The television monitor display
system (TMDS) provides the users with
various display facilities” at their
terminals.
which the TMDS is put is in the area of
word processing. The display of textual
data requires relatively small network
messages, i.e 32 kilobits/message. The
‘TMDS is also used for the display of
graphical or plotted data usually
generated during the nighttime production
run of some physics calculation. The
messages required to support such :
pictures contain about 256 kilobits each.
In figure 15, we see displayed the rate
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Figure 13. The total traffic, in kilo bits/secbnd. of
“text and picture data into the TMDS.

By far the most common use to

a7

It is to'the CHORS utility that

i

files are’sent when destined to become

paper, film or fiche. Figure 17 shows

the data traffic from the Cray-C. machine
to the CHORS utility adapter. 'This path
peaks at a value of 210 kilobits/second.

Mega bits/sec

a :~|.
12 1
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o
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:Figuré 16. The total file transfef, in mega bits/second,
into out of the CRAY-C machine to/from MASS and
ATL combined. .
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Figure 17. The total file transfer, in kilo bits/sécohd,
to the CHORS from the CRAY-C machine.

30



" active adapter in the network.

v,

Table 2 contains a summary of this -
data and similar data obtained for the
other Cray computers. In every instance,
peak values are used. This table o
indicates the degree to which we
understand each path. What is not
depicted in the figures and tables so far

is the distribution in time and size of

the messages on these paths. It is not
depicted because we do not know it. We
do know the maximum, minimum and type of
the messages on most of these paths. We
do know, figures 13 to 17, qualitatively
how the load/utilization varies during

_the day on most of these paths.

- 4.2 Medium monitor

If we had the Hyperchannel monitor
device, the HMD described earlier, how
would we use it and what sense could we
make of the data collected by it?

The measurement process is simply
described. The HMD is enabled, allowed
to collect as much data as required to
achieve statistically meaningful rgsults,
and then the collected data is ahalyzed.

The tape is written with the
selected portions of 390 frames per.
record. It represents therefore a time
history of the state transitions of every
To be
more specific, the header of each frame
contains the destination adapter address,
the. source adapter address, frame
function and length of data associated
with the frame. These four pieces of
information together with the time-stamp
allow us to accurately follow the state
transitions of every active ladapter in
the network. Using the transmission
protocols given in figures 18a and 18b,
it is possible to determine the ‘
beginning, length and end of each message-
transmitted in the network as well as its
path (source/destination address-pair).
For a large sample of messages: we could

~ -expect to determine the message

throughput and delay associated with each

path through the network at any moment of

the day. However, this point needs
elaboration.

For the sake of the discussion that
follows, let us define the Hyperchannel
monitor (HM) as consisting of -the HMD

together. with an output tape and the tape

analysis program. Barring collisions,
for any given frame from some source

48

‘unfavorable (a reject).

N\

\

adapter, there is usually a corresponding
response frame. A response frame can
either be favorable (an ack) or

In the case of a
definite ‘response, the HM will detect it
and modify the state of the adapters
involved.” The lack of a response will be

inferred by the HM by observing the

behavior of the unsatisfied adapter, e.g.
it will retry the unacknowledged frame.
After some suitable number of retries, an
adapter will abort the message
transmission. Aborts can occur at any
point in the transmission protocol, and
the HM can detect (infer) them because of
the transmitting adapter’s deviation from
it. A host may reattempt *the message
transmission upon receiving an abort
indication from its attached adapter.

Eventhough the HM is unable to
distinguish between new and reattempted

 messages, it does know not to count the

bits of an aborted, partially transmitted
message. Consequently, while the HM can
determine the network utilization, it can

not determine the message delay (host to

host transmission delay). It can
determine the message transmission delay
associated with successful transmissions
only. We could think of this as the
"transmission delay”, conditioned by the
number of message aborts. It may be -
possible depending on the protocol

invelved to know the length of an aborted

message.

Once the path behavior is
sufficiently quantified, it would be
possible through various statistical
methods to determine such things as if
and when there is any mutual interactions
between paths. ‘

So far, the network monitoring
software resides in the Cray 0Ss only,
and there are no plans to add a similar
facility to the other hosts in the
Craynet. In addition to this, since the
monitoring, software is resident at all
times in the Cray OSs, efficiency and
space considerations severely limit its
capabilities and frequency of execution.
Consequently, measurements are reported

for half hour collection periods. That.
is to say, finer granularity is not
possible without impacting host
performance in unacceptable ways. It’s

fair to say that half hour wide

collection periods do not provide a
characterization of the instantaneous
behavior of a network. Till now, our use
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of monitoring software is at best
incomplete (not resjdent in all network
hosts) and too coafse to ailow proper
characterization of \network traffic with -
the detail required for the NBS study.

With respect to the medium
monitoring approach, as of this writing,
our outside vendor has not yet completed
work on the Hyperchannel monitor. This
$175,000 piece of equipment, originally
Lo be built in six months as part of a
research contract with and funded by the.
NBS, is 13 months past scheduled
completion. And because it is 13 months
behind schedule, the success of this
research project has been seriously
Jeopardized. Not only that, the absence
-of this monitoring equipment has eroded
the case for the design—model-measure
methodology | have been trying to build
within my own group.

In any event, whereas we suffered
.basically from too little data using the
software monitor approach, we will
probably suffer from too much data using
the medium monitor approach. ‘In ten
minutes of monitoring the Hyperchannel
under a 5% load, enough data will be
collected to fill a standard size
magnetic tape. It will probably take
more than an hour to analyze this much
data using something like a Digital
Equipment Corporation VAX/780. ' This
disparity between sample width and
analysis time will prove to be a
troublesome but not insurmountable
obstacle in the successful and timely
completion of the NBS research project.

5. Model Validation

The model, which simulates Network .
Systems Corporation’s (NSC) Hyperchannel,
is the same one used extensively in the
past to produce much useful knowledge
pertaining to certain inadequacies and
interactions of the lower level
protocols, inadequacies of the
adapter Imanagement and buffering
strategies,” and probed the nature of the
interactions of network traffic,
configuration, and these protocols.”8 We
have validated this model to a certain
extent® and so have great confidence in
it. However, given the nature of the
current investigation and the importance
of the role the model will play, we feel|
that it is necessary to formally and \
extensively demonstrate the model’s

i

\
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validity. Once we have determined that = -
it ‘accurately portrays network
performance at low to medium laads, we -
will use the model to study performarice *
and traffic characteristics at medium to
high loads, a kind of computational .

extrapolation.

’We_r.ésort to this extrapolation |
technique, because ‘the Craynet as -

- currently configured is not able to

generate the level of traffic required
for the complete characterization of .-
network traffic and performance called
for in the NBS study.
approach will be to measure and’
characterize the traffic that exists in 1 °

the current, operational Craynet in

numerous data transfer situations, and

then use the validated model to study its

performance at higher loads.

, The rest of this section will detail . -
- the process of model validation, briefly .-

reviewing previous studies and papers
exploring the possibility of using their
results in this process. The validation
process will make extensive use of. the
Hyperchannel Monitor Device (HMD).:

The first step will be to determine:
that the sequence and timing of the
frames of the lowest level protocol,
figures 1B8a and 18b, exchanged in a
simple two adapter configuration are
exactly duplicated in sequence, and’ ’
statistically and acceptably approximated :
in timing. This step can be performed on
either the Cray network or a test ‘
network.

As a second step, the model will
attempt to predict network performance in
the three node, two data path SR
configuration of figure 19. ,-'_ In the past, -

.we have studied this configuration, known

as the message. switch, extensively

‘because of its sensitivity to how -adapter
. buffers are managed and to certain

aspects of the lowest level

protocols.6:7.8:9 Specifically, the high

data transfer .path will operate at its
maximum rate, while the slow path will
attempt to transmit at various, slower
rates. Simulation results’ have. shown
that the fast and slow paths interfere
with each other under these
circumstances. We will determine the
message throughput and delay of the two
paths experimentally, using the HMD
and/or processes residing in the attached
hosts. Again simulated performance must -
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+ . 'sizes (and types) of messages interfered R
/(—-—I Host « Host & with each other. The results reported.in. ...
. [7] do not support such a hypothesis, in
50 Mbps 5 Mbps fact, they indicate the contrary, 1.e.
the failure to segregate messages in this
manner has no effect on network
performance. It will not be possible to
validate these results’ using the HMD
owing. to the impossibility either of _
_ reproducing the configuration in [6], a
High-speed ——Low-speed five node two bus nelwork, as a test
path path network, gr of modifying thé host systems
; Adapter » in the Craynet to behave in this manner.

/ Adapter Adapter

Yeh and Donnelley® modelled the NSC

Hyperchannel, (protocols and hardware),
) as it existed in 1978. Their simulations
Host 8 detected deadlocks and node -priority
reversals. Because NSC has long since

. : remedied these shortcomings through
Figure 19. Uni-directional message switch. modifications of adapter architecture and
microcode, | see no possible way of using
the HMD either in a test network or in
the Craynet itself to validate their

50 Mbps

approximate measured performance in an results.

acceptably statistical way. We will -

probably perform this step in a test , Yeh and Donnelley? studied their own
network owing to the impossibility of * solution to these deadlock/reversal
dedicating the Craynet to experiments . problems, viz. the recycling timer, and-
even of brief duration. A test network compared its effects to those produced by
will probably consist of three or four NSC’s modifications, viz. wait flags and
nodes and one bus, where the nodes will a binary exponential retry mechanism. No

consist of a 7600 PPU/A120, a PDP11/A400, Hyperchannel experiment could validate
a SEL/A470, or a VAX/A400. However, it the results. obtained using their solution

may be possible to conduct the message since this would require extensive

switch and other experiments on the modifications of Hyperchannel

Craynet during periods of minimal architecture and microcode.

activity, collect the data with the HMD’ :

and subsequently identify and verify Model validation and performance

those periods of time within the sample monitoring share many of the same

in which the strict’ constraints of the - problems. In order tc validate a model,

original experiment were met. the thing modelled must be subjected to
. experiments in which it is conlirolled in

The last step in the model _ some precise way, a way that can be
validation process will be to measure and duplicated by the model. In the case of

model the sequence and timing of . networks, this Usually entails modifying"
exchanged frames in a four node, two path the operating system of the hosts

configuration. Again, the goal is to involved in the validation experiment so
verify that the model exactly duplicates that they use the network in some
the sequence of exchanged frames and computationally meaningful way. e.g.
sultably approximates their timing. submitting messages to the network that
Expermments involving more nodes and have nice distributions in size and
buses are probably not possible since we dnterarrival time. Not. only must the
can not intefere with the normal experimenter control the presented load
functioning.of the Craynet. precisel%, he must also have some way of
measuring the network’s response to the’
In a previous paper.7 ] reported on load with equal precision. Again._one
the effect of segregating messages can either use a medium monitor and/or.
according to size, to wit, long and short system resident software to do this. If
messaves were each’ transmitted over a bus one decides to use system resident
dedicated to their respective sizes: The software, he is presented with the
hypothesis was that somehow these two additional problem of how to synchronize
52
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_software.®

the various hosts in an experiment so
that they all use the same time interval.
If one relies instead upon some kind of a
hardware monitor, he may be prevented
from knowing certain aspects of the
network’s performance, e,g, message
delay, that ultimately translates into an
only partial validation of the model.

Even though we do not yet have a
monitor, we have been able to validate
our model using system resident
The problems here were finding
host computers that could be diverted
from their normal function long enough to
conduct an experiment, and finding a
willing' systems- programmer for each host
i 7 -] was able to do both, and in
our o#e. aind only set of validation
~experiments, the message switch, figure
19, alluded\to earlier, we strung
together two CDC-7600 PPUs. and a Systems
Engineering Laboratory (SEL) 32/75 and
their appropriate adapters. .The
operating systems in both the PPU and SEL
computers is written in assembly -
language. Fortunately, the PPU operating
system had already been modified for use
as part of the Hyperchannel acceptance
test procedure. All that remained was to
modify the operating system of the SEL
host. This was done, experiments were
run subsequently and the results are
reported in [9]. Given the great paucity
of statistical routines in both operating
systems (no random number generators,

" mean or variance calculations), and that

‘model of the Hyperchannel.

they were written in assembly language,
and that both the system programmer and
network technician were volunteering, '
their ‘spare’ time to this effort, we had
to settle for less than scientifically
definitive, but nonetheless gratifying,
results.

A tr\uly and scientifically
definitive validation of our model
occurred dlmost incidentally when Franta
and Heath!® at the University of
Minnesota "validated their own analytical
They . were
able to realize the ideal in model
validation. experiments, for they had at
their- disposal a € node Hyperchannel
network over which they had total ;
-control —they provided their own host '
system software; they were able to modify
the adapter microcode to suit their
needs; they had the use of a passive,
medium monitor; and they had absolute
control of and knowledge of the load
presented to their test network. In
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addition to validating their own model.
they were intent on studying the
performance of the 'Hyperchannel,
identifying its critical parameters and
metrics.

It was a simple task for us to
simulate their experiments and compare
our results with theirs.™

"And at what cost all of this? The
software alluded to-above required about
two and a half man years. All
Hyperchannel hardware, microcode
modifications and engineering support
were supplied by Network Systems
Corporation free of charge. And as for
actual funds used then, | do not know nor

- am allowed to know or report the source

or the amount of the research grant
supporting this project. However, [ have
been told that within university
environments and as grants go,
was small.

this one

6. Extrapolate

As | have explained earlier, the
Craynet has never been able to generate

" loads greater than 5% of Hyperchannel

capacity with normal traffic on a
sustained basis. As a consequence, we do
not have and will probably never have any
real experience with Hyperchannel
performance at medium to high loads (>
50% of capacity, what 1 have termed
hypothetical or extrapolated loads).
However, we have already used the model
to study its behavior at thegse
hypothetlcal or extrapolated

loads. 26789 |n ract, most of the
shortcomings and inadequacies of the-
Hyperchannel alluded to throughout this
paper occur only during such loads. Much
of this early work represents what | have
termed extrapolation—the exploratior of
realms of performance unreachable by
means other than computer simulation.
This is the more or less traditional use

to which computer simulation .s put, and
presumably what is learned thereby helps
one subsequently to actualize designs
capable of such performance.

Extrapolation can be used in another
sense here, not jusi,in regard to
studying performance at hypothetical
loads of existing and/or experiméental
designs. The other sense of the\word has
to do with modelling or simulation
itself. The layered naturs of network
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move the data between them.

-~

functionality, both hardware and
protocols, lends NQEH\naLuraHy to an
incremental model contruction

t chn,ique.ll That is, once we have
confidence in the simulation and
mbdelling of the lower layers, we are
abm to add ontc it models and
simulations of higher laye -

function :lity. Easier said than done.
Oll\xe ‘may be ‘ustified in addi:i.: new layers
‘o the mcdel in that he has great
canfidence in its validity, but most
computers and operating systems could
care less how justified you fee! or how
much confidence you have in your own
programs.. Once your .program no tonger
fits in memory, it no longer runs. Once
your program grows to monstrous
coI;ﬂexny. such large amounts of real
time are required to produce results that
it"‘begins to lose significance as a part.
of lthe design—-model-measure paradigm.

The growth of complexity and use of

" computer resources in modelling

indreasing layers of protocols stems
directly from the 'mutual interaction of |
these layers themselves and the.impact of
this interaction on overall performance.
For example, in the Hyperchannel each

host .to host message requires the senﬁiqg

host to undergo a three step interaction™.

with its Hyperchannel adapter before the
intérface between them. Once that step .
is accomplished, the sending host’s
adapter and receiving host’s uadapter\go
through a minimum of 8 steps to actually
The \

receiving adapter must then go through\\

som protocol to move the data it’s just

rec?ived (the original message) up into
thet‘receiving host. A considerable

‘amount of amplification can result as a

message passes downward through layers
and| layers of protocols both in the
number of bits (lower layers encapsulate
higher layer’s data in passing it .
dowhward_to _the next layer) and in the
number. of interactions (hand shakes,
buffer negotiations, exchanges of
remembered state, acks etc.).

How does the modeller/simulaticnist
proceed in this matter given this fact of
life?l One can proc.eed by means of what
I've |termed extrapolation in which that’
part| of a model dealing with the lower -
layers is replaced by -something simpler
thai|imitates (simulates?) the behavior
of the lower layers. To be more
specific, our approach will use data

datf (the original message) can cross the -

“[2]
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derived from Hyperchannel monitor studies
to characterize Hyperchannel behavior,
i.e. to determmne the message delay
distribution as a function of path,
message size and ambient load. within the
network. We will also use the existing
model to tell us what kinds of message
delay distributions occur at extrapolated
loads. Then we will build a newlmodel
that' simulates the -functionality of host
to host message traffic and the
appropriate higher layers of protocols, a
model in which we replace the lowest
layers of protocols and hardware (the
Hyperchannel itself) with these delay
distributions. : '

7. Conclusion

I have described a cyclic,
design—measure—model methodology
currently being used to-study a large,
Hyperchannel based LAN at the Lawrence
Livermore National Laboratory. This NBS
sponsored project expects to characterize
this network’s traffic and corresponding
performance. However, many questions

" remain concerning how best to proceed in

this matter.
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Abstract:

QUEUE LENGTH CHARACTERISTICS AT VERY FAST, CONSTANT SERVICE TIME. MERGER NODES

Chaim Ziegler
Brooklyn College

Dept. of Computer & Information Science \

Bedford Ave. & Ave. H

This paper concerns itself with the determina-

of the
tions at very fast merger nodes that
within

a tree topology in which a given server at a node

tion steady-state queue length distribu-
are

queueing networks. We study a network with

‘of the network provides each of -its customers with

an eJjual, constant amount of service time. A very.
fast merger node is defined as a node at which the
the

of the service rates of the channels feeding into

service rate is greater than or equal to sum

the merger node, following general, in-
dependent probabiiity distributions.
siderea. A condition for absolute stability at the
merger is
distribution is found for a subset of these

Inputs

are con-

The exact queue length
fast

node derived.

nodes via a combinatorial analysis of pos-
into the

merger
sible

merger node.

arrival patterns of customers

I. Introduction:

probabilities

RIC

the study of the

queueing

This paper concerns state
of the
Figure 1. In Figure 1, each node shown
infinite

equipped with a single server that has a constant

network shown in
represents
FCFS queueing facility

an storage,

service time of Py (customer/sec) (or service time
of 84 sec/customer) i=1,2,...,n.

We assume that the network is being fed by
"n" mutually independent streams "of customers

governed by some general probability distribution

with mean arrival rate of }i (packets/sec.) for

the class i stream, i=1,2,...,n, }i >0 . Each

This work was partially suppofted by the National
Science Foundation under grant ECS-8105963 and by.
PSC-CUNY Research Award 13665.
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present

“the merger node-when n = 2.

Brooklyn, N.Y. 11210

/J’Tcustomer is considered to consist of a single,

fixed length packet of ~data which is to be "
transmitted through the network. Class i packets
they

are then processed and transmitted.to node.Nn+

initially enter the network at node Ni where

1
nel’ all n

streams are merged and processed by a ;in-

for additional processing. At node N
pécket
gle common server. Hence. node Nn+1 is called a
merger. node.

This paper is directgd towards obtaining vari-

ous queue length characteristics at the merger
node, Nn+1‘ The discussion is limited to the case
where the service rate at N Phi1' is greafer

n+1*
than or equal to the sum of the service rates of

the feeder channels (i.e.,

Prar 2 Sy or L2 51
N+l = i=1 i sn+‘| - i=1si

[1,2], it has been shown that condition on Pny.q 18
stability at -
Here, wé extend this
addition, in

subcase

In work

earlier

a sufficient condition for absolute

result to general values of "n", In

those for the

sn+1 < 2’

By 2 nmax (p, pyy «oey pp)) , n=2,

papers,
1/n min (51. s ooy sn) (or

the’ steady-

we turn to the queue length probabilities and once
again derive results for general vélues of "n",

II. Stability Condition for Very Fast Merger Nodes
Our sstudy begins with & derivation of an in-
stability the

teresting property for case

n
Pn+1 2 £§1Pi‘ In earlier work P1,2], it was shown

that for the case n=2, the number of packets wait-

ing for service on queue could never exceed one.,
This will now be generalized for arbitrary values

of nn .
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Theorem 1: ‘ the first class i arrival.

. An induction procedure will now be used to

For the case Pne1 2 2 Pi' at the merger node N .
prove the theorem. This will be done by introduc-

ing the notation,

W< (n-1) s, (1a) W5 2 the waiting time at No,q Of the 5t
class. i packet, and showing that wij < s,
Ng £ -1 \ (1b) for all i and j.

where the quantities W and Ns are defined as:

cdse n = 1, (In fact, in [1,2], it has b roven
W 2 The waiting time (queueing time) in an [1.2] S been p

arbitrary packet at' N

n+1 ’ is true for "n-1" channels feeding the merger
N Z the number of packets on queue at N 1 o
q ~ node. It must now be shown that this implies vali-

dity of theorem 1 for "n" channels feeding N
Proof: n+1

(as shown in Fig.1).

The proof will be via a worst case analysis : .
With "n" feeding channels, it can be stated

which - occurs when | is set to its minimum ¢pae
n

value; that is, p . = £§1pi. This value of Pna1 Wip £ (n=1) sy o5
ylelds the greatest probability for the queue

This is true because until the arrival of the
length to grow.

n first class i packet, node'Nn+1 sees an arrival

with p 4 = £E1P1- without loss of generality pattern from at most n-1 classes of packets

one can sort the "n" parallel feeding channels (excluding the class i stream) with Sp.1 less than

into ascending order of magnitude and obtain the parallel combination of the service times of

Si = Ky Spyq

where - : induction assumption.

(2b) : .
wij L (n-1)s, for all j. We need concern our-

.1

To begin, Theorem 1 is trivially true for the .

true for n = 2.) It is now assumed that Theorem 1

121,2,...,0 (2a) the feeding channels, Thus, (4) is true by the -

/To complete the proof, we need only show-

121,2,000n (4)

-1 -] selves only with the case where the busy period ~

i-1 i-1.
[1_121(1/1(1)} < ki < (n+1-1) [1-JZ1(1/kJ):] has been continuous from ti.I through tij' Other-

and . - occurred, where Process m is defined as the pro-

wise. a renewal point of Process m would have

n : cess whereby a class' m packet initiates the
> (1/k) =1 (2¢)
i=1 i current busy period m=1,2,¢00,N.

To derive an expression for Wi '
is now 3
observed that in the interval (ti1 tij) there

will be j=2 additional class 1 arrivals and

A worst case arrival pattern'into Nn+1

_constructed by assuming that class i packets are

arriving into Nn+1 at regular intervals of 84

t, -t :
seconds. Thus, with - L 1 it] class m arrivals, Consequently,

3 K]
t,; £ the arrival time into N_ . of the j° Lfn*ne1

13
class i packets, i=1 2.....n,
-it follows that

: : Wiy = [.(tij+wi1+sn+1)+(1'2)sn+1
tij = [}i+(j—1i]kisn+1 H Ai=1.2.....n H .

J=1,2,...,0¢%,<1 (3. ' nofty -ty ;
L N e IO RSO}
: l'(lnsn-ﬂ n+ J
where xi is a fractional offset from time zero for "
] - ) m
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< [ (ti1+wi1+sn+1)+(J—2)sn+1

n
« 2 by gty )/ 0kpsy ) | =ty
m=1 ]
m#£i
. n (J-'I)kisn+1
=Wy o+ GmDspy = G-Dkgsgy v 2 — % —
m=1 - m
m#i
=W, o+ (3-8, ¢ - (3-Dkys, . 4
« G=Dk, | 1| s
i _E; n+1
= Wi1 5_(n-1)sm._1‘

‘where we have use of both (2c¢) and (4).

This proves {1a). Equation (1b) follows
directly from (1a). Q.E.D.
Theorem 1 has direct implications on buffer size

requirements at a very fast mérger node.

III. The Case She £ 1/n min(s1.52,...,sn)
Pngq 20 max(Pyippy e obip)) .
For the case S el < 1/n min(s1.sz.,...sn). it

intuitive

.within a busy period at,Nn+1 can also

is that the number of packets serviced
", (For"example, if "n" packets arrived in'a
nel then

packet belonging to any class can not arrive into

cominon interval of s ' seconds, a -second

Nn+1 for at least ns 4 seconds from the arrival
time of its first packet. By that time, all "n"
. original packets must already have been serviced
at Nn+1 and, hence, the busy. period ended.) Furth-
ermore, each packet serviced in'a busy period must

come from a different class.

The following theorem, concerning the queue
length probabilities at node ‘Nn+1' can now be
stated

O

(or:

not exceed.

Theorem 2:

For the case et £ 1/n min(s1.52....,sn). thg
equilibrium queue length distribution at -a random
instant of time at node N . of Figure 1 is given
by

n n Cy [?](-n)k-JVk

P, = Z (6)
17 §Sokss [“] :
3
where
. Py 4 the equilibrium probability that node
Nn+1 contains "i" packets (both on
queue and in service), i=0,1,...,n;
CiJ 2 the total number of arrival patterns

that will 1leave "i" packets in the
system at a“randpm observation eboch,
given that there were "j" arrivals in
the (n)(sn+1) seconds directly preced-

ing the observation'epoch;

=1 Yk 2k -
. ['J'] S S . s (6a)
‘ L=0 : xk=0 . xk=0 g
k=1v20---oL.- k=L+1 .L+2,...,j—i—1
‘521 J-%T1 \
il -2 %p J= L. J=i-1 .
=1 Xg L I m=L+1
- i+L- Z X
m=1
where
: k-1 .
yk =z j-2+k- Z Xm; k=1,2,...,L
m=1
k-L-1 : .
2, = k-L- ;21 Xpi  kele1,Le2,...,3-1-1

" (Note: see Appendix A for the derivation of Cij)

Vk g ﬁhe sum of the products of Pi taken "k"
' at a fime, k=0,1,...,n; that is,

V. =1

i £§1Pi

—_
1
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n-1 n [n]nJ ' (n
vV, = . J . .
2 1§1j= 13

. Now, with Cij defined as above, it can be con-

. 2 3 ' cluded that the probability of observing "i"®
n . .

v = s ackets in the system at fChe observation epoch

F-1 ® i§1j=§+1 k=§--1f)”oj "o : - :

conditioned on the event that "j" packets arriged

n in the Xast "n" slots is
. = s | ¢
where Pi z \isn+1' i=1,2,...,n. n nj . (8
J
Proof: Noting that the probability that a class "i"

To begin the proof, Figure 2 illustrates the ,,opet arrives within any particular slot is given

random 1instant of time at.which an observation is by
to be made of the state of the system at ncde

Py = \isn+1; i=1,2,...,n (9
. Nn+1' : ) '
It has already been shown that the total and that the probability that a class "i" packet
) " arrives over the interval (t-ns ,t) is
number of packets resident at Nn+1 can never ) £ 3 :
exceed "n". This fact, implies that any packet npy = 8,40 1=1,2,..00n ' (10}

present in the system at our observation epoch .
it follows that the proernbility of having "j"

arrivals over the "n¥ .ots of the interval. (t-
nsn+1,t) is given by

must have arrived within the immediately preceding
nsn+1.seconds. Consequently, to illustrate this in
Figure 2, a time line has been drawn of 1length L
nsn+1 seconds extending back from our randgm G

observation epoch (random time t). In addition, ’ . '

("Pl?("Pz)"'("Pj)(1‘"Fj+1}£"“Pj+2)"'(1““Pn)

.the time line has been partitioned into "n" equal

intervals (or slots), each.of length sn+1 seconds.,

A pause is taken -to note that since B + (nP1)(“P2)"'(nPJ—1)(‘_nPJ)(nPj+1)(1_nFJ+2)

Sneq < 1/n min(s ,s5,...,8.), the "maximum length

of a busy period must be ns seconds, - Hence, a : ' ,,,(1-nPn) -

n+1
renewal point, which for our purposes is a conclu-

sion of a busy period, must occur within the nsn+1

seconds dépicted in Figure 2..
Continuing with the proof, it 1is noted that -

+ (p ) npy) ... npy ) (1-mp ) (1-np 1)

since g < 1/n miﬁ(s1.52.....én), over the

n+l —
interval (t-nsn+1,t), at most one packet from each ...(1—nPn_1)(npé)
of the "n" different classes of packets arrived o : .
into Nﬁ+1. In addition, if a class "i" packet . .
arrives within this interval, it arrives with ' B i
equal probability within any of the "n" slots . (1‘nP1)(1‘"P2)"'(1'"Pn-j)(n9n-J+{)'“'(nPn}
shown in Figure 2. This is true simply because
our prervation epoch is completely random. Congg— _ E [kj( 1)k'J(n)kV
quently, the total number of ways for "j" packets - ‘ K=j J k

to arrive at Nn+ within the "n" slots preceding

! where V, is as defined above. This'resulf. D,
the observation epoch, drawing from our population k :
of "n" different classes of packets, is | was derived by calculating all possible combina-

tions of having "j" different arrivals from the
. . . - A
Q " ’ kY .‘,_.t)‘:

B
Rt R s ‘ N ; : Lo



m" possible clgsses over the indicated interval, eneral n.)

Of consequence, using (3) and (6), it is found To complete this section, the queue length
that “the joint probability of observing win pack- distributions for a specific class packet at the
ets in the system at the observation epoch AND Derger node is derived. To do this, we define

having "j" arrivals within the last "n" slots is (J) = the steady-state probability of hav1ng
given by ) nin class nin packets in the system at

K the merger node, iz0,1; Jj=1,2,...,n
I—IJ—][ Z { ]( n¥=3(n) v, ] (12) . ' ' ]
" . :

A
(gi) 2 the steady-state prbability of having
nin glass "j" packets on queue at the
merger node, i=1.2;\j=1.2.....n.

(J) and P(J) can be derivea using & similar

. : : heo .
Finally, to conclude the proof, the uncondi- approach as that ‘used in the proof of Theorem 1.

However, a much simpler derivation is possible if

. nin .
tional probability of observing "i" packets:in the one looks at (1ua) and (14b) ahd realizes that

system at the observation epoch is obtained. This ,

is done by summing (12) over all possible "i" . The : W= z ng) ' (15a) ¢
result is . . j=1- .
and »
’ ZCUZ (13) o
> . ¥ - : (15b
k=j , Ny = J§1Pq(1) 5b)

which proves the theorem. Q.E.D. Then, using the fact that not more than a single

With a bit of tedious algebra, one can now packet from each class can be processed over (t-

proceed to determine the steady-state mean charac- ns,. 1,t), simple symmetry arguments yield -
teristics at N_ .. Definin ' :
. neqs DEIIMINE o3y, Zn(k-m‘,' §21,2,.0.,0 (162
) 1 LY 2 k'
—a : . . Kee .
N = the steady-state mean number of arbitrary
class packets in the system at node péj) ='J-P§J), J21,24.0.,0 (16b)
Noste | | | and
_ . . n ' .
Nq 2 the steady-state mean number of arbi- Pégz),z Z:SE%%llvk' J=142,.0.00 (17a)
trary class packets on queue at node k=2 i
(J) = 1-p(d) _ '
Nn+1' . q(O) 1 Pq(1)' 3=1,2,400yn (17?)
one finds-_mh- ) i Where"vé"is-foundﬁpy~tpking~only~those~terms—~frmn—¥~—
n n' v in which P appears and is defined as the pro-
W= 5ipy = vl BV, (143)  guet, of ANDJthe sum of the products of the
i=0 k=2 PJ & P Pi
and taken "k" at a time. i=1,2,0004n; 1 £ 3
k-0.1.....n-1.
_ n=1 n o i
N, = igoipi+1 = kgz-z-vk (14b) o
- - ' IV. Conclusion:

InAfhis paper, we have successfully derived

which are pleasing results.
the steady-state queue length distributions at a

Little's Formula [3) can now be used on “(14a)

mer er node f a certain cla of network . di-
and (14b) to find the steady-state mean response g or ac¢ n ss work con

tions. We calculated these results by an analysis
time and mean queueing time respectively. (This s by y

of the arrival patterns of the input gtreams into
extends the results of our earlier papers [1,2) to -

.the merger node. We believe this technique can be

60
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utilized in the study of a variety of network slots,
‘structures,

2) Mi" arrivals occur in slot 1 (i=0,1,...,j~
References: 3) AND "j-i-1" arrivals occur in slot 2 AND

] : . one arrival occurs in any one of the!
[1] C. Ziegler and D.L. Schilling, "Waiting Times

at Fast Merger Nodes," Conference Record of ICC
'80, pp. 23.2-1 - 23.2-6, June 1980. 3)

remaining "n-2" slots,

"i" arrivals occur in slot 1 (i=0,1,...,J-

3) AND "k" arrivals occur in slot 2

[2] C. Ziegler and D.L. Schilling, "Waiting Times (k=0,1,...,3-1-2) AND "j-i-k" arrivals

‘at Very Fast, Constant Service Time Merger Nodes," oceur in slot 3.

" accepted for publication in IEEE Transactions on

Communications. ’ This yields

{3] J.D.C. Little, "A Proof of the Queueing For- [ 5 ] 1 [n‘(j~2) n-(J-z)_i .
mula L= } W," Oper. Res., Vol. 9 pp. 383-7, 1961.. . 3-2,3 ~ l3-2 ig; i ] [ 2-1 ](“-2)

J=3 :

Appendix A: . n n-i- n-(j-1) _

pp : _ + D 1] -1t 3 (n-2)

In this appendix, we derive the equatio or

C. This will be done by first solving for gome — _

ij* ~ =3 n -i-2 n-i} fn-i-k

simple cases and then generalizing the resul¥s.. + z: i i ik

We begin by noting that . - 1=0 k=0 -
| C,y =0, fori>j ' (a-1) - 1 ' ™
ij ’ . n J -1 2-1 AN
. = [J] igo [i (2__1 (H—Z) ‘ .,
Hence, we must only consider 0<i< j&n. . . . !
" For izj, all "j" arrivals must occur within " j=3 3 J-
1] + [ ] Z [i [ ] (n-2)
slot 1. Thus, remembering that there are "n" dif— J i=0
ferent classes of packets,.we have :
: =3 j-i-2 '
¢, 4= |5 (A-2) n 3] -[3-1
Jad [J] : X + [] 2 2 [: . (A=1)
- J i=0 k=0 .i k

For 1i=j-1, there -are two possibilities;

In a similar manner, one can show that for
namely, having "j-1" arrivals iq slot 1 and one

. i=j-3° there . are four possibilities to consider
arrival in any other slot OR having "i" arrivals whicg yield . P

——4nslot 1T and T "iSi arrivals Tin siot 3,

‘ 1 21 ) ’
i=0,t,...,jJ-2. Consequently, » . CJ-3,j =A[323].£§5[h-(£-3)] égo[h'(3;3)'{]
j=2 ‘
n n-(j-1) n -1 n-(j-3)-i-k 3-i-k
5= () (74 ]‘“ R [ Gy Mo
E . - C y-n 1
oo (5 oo 50 () G (et
e (gl e e AT
Moving to the case i=j-2, we find thaf. there . JZ [n] J- %—i [n-i] [ n-i-k] [“'”‘1))(“_3)
are now three possibilities: %o i 5o .k J=1-i-k 1

1) "j-2" arrivals occur in slot 1 ANb nin :

e o (1n BN -3-1 -2-1-k
arrivals occur in slot 2 (i=0,1) AND "2-i" . z [;1] JE [n;i] J z [n-i-k] [g-i-t-t]
arrivals occur over the remaining "n-2" i=0 k=0 L=0 :—
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[ 2, 2 ) () Ftows
CBE 0T e
SO EH Y e

n) 24 3-gt 3-2ci-koeny 04 ) [eiok
i=0 k=0 L=0
Proceeding recursively with this method, one

" finds that for tiie general term, i=j-q, we obtain

BLEE - TETTHEI ) - e

[frirtees o) (g it mm

. ['g] J—§—1 % 2Ek q—2-k§L-... ['11] [j;i] [j-i_k] [J_i_k;y_,“

i=0 k=0 L=0 m=0

cj-q.:] = . : ' (A-6)

ot (LS i

R - TE e e

[J:EEEE? : ::;m] (n-q) q-2-L-...-m

+

p——

(=

| —
.

-

u NVio

=}

x.

£ 4 0 B ) (o

[j_;_k-L-...-m](n_q)z-m

2-m
+ [g] é- -1 J-g—i J-q-%—lf+1. J-3-1-Ek-1.... m [3;1] [J',i-‘k]

i=0 k=0 L=0 m=0 _
ji-k-L...) (j-i-K-L-...-m
) N G ey

j=q-1 j-q-1 J-q-1-k+1 j-3-i-k-L... j-2-1-k-L-...-m N
. “] s [J] 31
08 e & 2 5 Tl

| ‘ j-1-K [j-i-k-L...] [j-i-k-L-...-ni
- - L) m P
which can be written as
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(A=7)

Cij - .
k=l ) 1
3 8o x =0 e xg=0 k=1 Xy
k-llzlooolL k-L+1,L+2looolj-1-1 .
j-i-1 1 .
=0 2 %p j-i-1
- R T T 70 X
‘ " i (n-jei) IR m-§+1 n
i+L- X .
mgl m
where ’
k-1
Yy = i=24k= 3 X7 k=1,2,...,L (A-7a)
m=]
k-L-1 - 3 q
Z, = k-L- 3 X.: k=L+1,L+2,...,3-i-1 (A-7b)
m=]1
and
P 2y
cos - . (A=7¢c)
x, =0 ) x =0 .-
k=1,2,.0.,L k=L+l,042,...,5-i-1

- BXy Blmxgmxy oy 20Xy 3mxymxy 25040

x1-0 XZ-O x1-0 xL-O XL+1-0 xL+2-O xL+3-o xj_li_luo

An alternate form for Cij is

C ij - (A‘a )
' ’ Y ' ' z S
j-1i . i+L- > x
e N I N 5|
I} pSe U-i-L x =0 X0 k=1 Xy
k=1,2,...,L k_-L"'ll,L*ZI...,j'i'l )
k=1 ]
. e x ieie
| dmim1 | TR le m L j-x-LAJ' Y
, . Il x (n-j+i) m.§+1 m
T k=L+1 k
%l‘n:-‘l l, @ * s
ckete
Clees 2 2 \m "2
Packete ] 71\’2/
%
![::-:- n 2 7@ Y
— ckete n
Fig. 1t A Queueing Notwork Consisting of '"n+1 " Single Server Queuss and
"n ' Extoronl Juputs with & Merger Node at Noae
. Random
' | n : n-1 " n=2 $ LA : 3 i i2 P 1 4 gbseﬁvntion
L] LS T ¥ ) Poe
t-ona : t-28p,1  $-0n t
;4‘" n8hs1 ﬂ
Fig. 2: Illustration of a Random Observation Epoch at the Merger Node of Figure 1,
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THE APPLICATION OF MULTIVARIATE STATISTICAL TECHNIQUES
TO COMPUTER PERFORMANCE EVALUATION
USING SIMULATED DATA

Thomas C. Hartrum

Air Force Institute of Technology
Department of Electrical Engineering
Wright-Patterson AFB, OH 45433

and
Gregory Magavero

Aerospace Guidance and Metrology Center
Newark Air Force Stationm, OH 43055

This paper considers the application of multivariate
statistical techniques to the analysis of data for use in
computer performance evaluation (CPE). Traditionally,
multilinear regression analysis has been wused in the
analysis of CPE data. More recently cluster analysis has
found applications in this field, both in workload analysis
[1] and in performance modeling [2]. However,.  ‘both
approaches have problems when applied to the type of data
often encountered in CPE studies. In recent years, several
new statistical techniques have been developed to overcome
or. compensate for these problems. Although these
techniques have been used in a variety of business and
social applications, 1little has been reported on their
applicability to CPE. This study considered a total of
seven multivariate statistical techniques: multilinear
regression (as a baseline technique), cluster analysis,
ridge regression, automatic interaction detection (AID),
canonical correlation analysis, factor analysis, and
discriminant analysis. Each technique was examined: for its
theoretical capabilities and expectéd usefulmess in a CPE
environment. Then each technique was applied to several
sets of CPE data. In order to conduct a controlled
experiment, the data was generated by CPESIM, a. simulation
of a multiuser mainframe computer system [3]. Based on the
results of their application to simulated CPE data, it was
found that all of the techniques could be useful to varying
degrees and in varying ways [4]. Some gave better
predictability than regression, based on the r-squared
value, some gave a better .analysis of interrelationships
between parameters, and so forth. " Because of their
individual natures, then, each technique was’ found to Dbe
most -useful to particular types of problems. Thus a given
CPE problem might not be able to use all of the techniques.
4s a whole, however, these techniques should be considered
by anyone performing statistical analysis of computer

system data.
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1. Introduction

considerables
years .in modeling
systems for computer per-—
formance evaluation (CPE) purposes.,
Three types of models. are wusually
recognized: simulation- models; ana-
lytical models (auch as queueing); and
empirical models,. The wuse of these
models usually falls into one of two
catagories. These are for predictive
purposes (to pose “what if" type of
questions for planning) and for
explanatory purposes (to gain a better
understanding of how the system works).

There been
interest over
computer

has
~the

The two types of empirical models
classically used in CPE are multilinear
regression analysis and cluster anal-
ysis, Typically regression analysis
has been used for performance modeling
(e.g. modeling turnaround ‘time as a
function of several workload
parameters) [1]{ while cluster analysis

has been used for modeling workloads
{2}, although an extension of
clustering to performance modeling has
been suggested [3]. However, several
other statistical. ~ techniques have
become availabile i recent years,

These have found useful applications in
the areas of operations research and in
the social sciences. Little, however,
has been reported as to their
applicability in the area of computer
performance evaluation. :

This study considers the
application of five new techniques to
CPE use’, along with multilinear
regression analysis and cluster
analysis as bases for comparison
[4),[5]. The five ~° techniques
considered are ridge regression,

Automatic Interaction Detection
canonical correlation analysis, factor
analysis, and discriminant  analysis.
The objective of this paper is not- to
provide a theoretical foundation for
these techniques (although appropriate

(AID),

references are , provided for the
interested reader), but' rather/ to
present an overview of the techiﬁhhes
and the result

of the applicat;on of
these techniques jin a CPE environment,

IFigures ' in brackets indi¢ate the
literature *eferences at the/ end of
this paper.

H

analysis;

-~

o

65

_presented.

empirical data.

-about

ridge regression;

The . basic shortcomings of
regression analysis and cluster
analysis, along with a brief

introduction to the five

2, Then the CPE environment’ in which
this study was wade is discussed in
Section 3. 1In Section 4, each of the
techniques is present®d, slong with a
discussion of 'its results in the
experiment, Finally, a summary of the
results and associated conclusions is

2. Overvievigf the Techniques

Multilinear! ‘regression analysis
vas probably the earliest’ used
empirical modeling technique
The basic approach of regression
analysis‘ 1is to model a dependent
variable as a “function of several
independent (or predictor) variables,
on the assumption that this represents
a cause and effect relatiomship. In its

. most popular form, multiple independent

variables are allowed, and the
dependent variable is expressed as a
linear combination of the independent
variables, with the coefficients
the primary model parameters.
empirical technique a
approach 18 taken. Rather tlian start

~In an

.with an understanding of how the system

works, a model’ is assumed (e.g. the
linear relationship just descxihed) and
the model parameters are evaluated from

. empirical data. This is accomplished by

observing the values of the dependent

and independent variables in the real
system being modeled, then finding a
"best" fit of to- this

the model

Several statistical measures can

be calculated to determine how well the

model fits the data. Perhaps the most
important is the coefficient of
determination, often referred to as the
r-squared value. This number, (betveeg
0 and 1.0) indicates the proportiof of
variation of the dependent variable
its mean value that
explained by the model. Thus a model
of computer turnaround .time
r-squared value of .82 explains 82% of
the variation in turmnaround. Although
an r-squared value of 1.0 ‘would be

68
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ideal, due to Uhe stoctrastic nature of

CPE .-data. such -a value 1is not to be
expected. An r-squared greater than
measure of the model itself 1is the

statistical significance of each of ‘the
coefficients. This provides a means of

testing the hypothesis that a given
coefficient 1s zero. If that
hypothesis cannot be rejected, then the

coefficient can be
statistically zero, which
the corresponding independent

considered
means that
variable

does not influence’ the .dependent
variable, and thus can be eliminated
from the model. This is an impdrtant
tool when using the model in an

explanatory mode,
system works.

to understand how the

There are ‘many restrictive
assumptions made about the data when
performiag a multilinear regression
analysis. The most important is that
the relationship 1is linear. In many
real cases 1t 1s not. However, the
ability to detect nonlinearity and the

formulation of an appropriate nonlinear

regression model are not simple, and
are bekond the experience of many
practical, CPE analysts. Another
problem that is common in a CPE

envivronment is° that the independent
variables are mnot truely independent
from ecach other, but rather may be
hightly correlated with each other.
This has the result of distorting the

coefficrents, and can lead to a
variable being dropped from the model
as unimportant when in fact that is not

the case. If such a high correlation
does exist between variables, the data
18 said tou be multicolinear. The

predictive
regression

capability of the resulting
model is often satisfactory,
but from an, explanatory point of view
the importance of predictor variables
may be misrepresented in the model.

Ridge regression attempts to
reduce the effects of multicolinearity
in a regression model [4])[5]. As such,

it s basically - a variation of
multilinear regression analysis. A
small amount of bias 18" ‘injected into

the calculations
set of
the effect

in order to generate a
cocefficients that compensate for
of multicolinearity.

Factor analysis carries this
approach vne step further by trying to

find a surrogate variable or "factor"
.to replace the two or more variables
that show high correlation [6]. Thus

in the previous example a single factor
"job size" might replace the correlated
variables memory size and CPU time.
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“multicolinearity.  Thus,
one might find high correlation between™ = -

I . :
Although ori&inally’hsed as a tool

t0””Helb“”thnricferizem“vur%Toadx“wmfor~“'

models, cluster
help detect
“for.esample,

simulation
can

generating
analysis

memory requirements and. CPU time. This
might show up as a cluster of jobs with
gmall memory requirements and small CPU

requirements, and another <cluster of
jobs requiring both large amounts of
memory and large CPU times. In
addition, cluster analysis is useful
even when the relationship between

predictor variables irs nonlinear.

Discriminant analysis is similar
to cluster analysis in that one tries
to determine a discriiminant function
which can then be used to assign jobs
to different groups [7]. Data known ' to
be in separate groups is first analyzed
to .determine the appropriate
discriminant function. The resulting
function can then be used to classify
new jobs into the appropriate group.
“This technique requires that the groups
be known in order that the discriminant
function can be determined, while
traditional clustering algorithms
determine groups by _iterative
techniques.

the

Canonical correlation analysis 1is
similar to factor analysis in that it
attempts to reduce the dimensionality
of the data. It relates one group of
variables to a second group of
variables. This implies a data set with
multiple dependent variables. An
example might include turnaround time,
1/0 time fequired, and input queue time
as “dependent variables, with CPU time,
number of disk 1/0s, number of tape
1/0s, and number of lines printed as
independent variables.

Another problem with multilinear
regression analysis occurs when the
value of one variable <changes _ the

coefficient (i.e. the effect) of
another variable. For example, as a
computer job's memory requirement gets

larger, the effect -of - --that--joble—CPU..

time on its turnaround time may get
smaller (perhaps because fewer jobs can
fit into the system, hence the job gets
more frequent access to the CPU). Thus
the coefficient of CPU time for overall
jobs isn't really a constant, although
regression analysis would assign one.
Such data is said to be nouadditive.
This condition affects both the
predictive and explanatory power of the
model, although the former can be
torrected for, once nonadditivity hagh
"been detected.



be applied., It is wunlikely that—--all
techniques will be wuseful in a given
problem. In order to compare their
"usefulness, however, an attempt was
made to apply them in as similar an
environment as possible. This
environment is discussed in the next

statistical
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Automatic Interaction Detection
(AID)" ‘is useful ina detecting
nonadditivity [8]. It is similar to
cluster analysis in that it attempts to
pacxtition the data into separate
groups. - However, whereas ° cluster
analysis looks only at the independant
variables to form clusters, AID wuges
predefined boundaries in the dependent
variable to group the data, If
nonadditivity is detected, it can be
corrected for in the regression 'model
by introducing a crossproduct term
between the variables in question,
Y .

Clearly there are some diffeéences
in the types of ‘data or .situationm ‘in
which these different techniques might

section.

J. The Expérimental Environment
various
under
computer
needed.
section,
expected
given

to test the
techniques

consideration, a source
system performance data
However, as noted in the
not all of the techniques
to be equally applicable to a
problem. On the other hand, . 1if
significantly, different systems were
used for the tests, then comparison of
the results would be 1less meaningful,
Therefore, it was decided that for the
initial evaluation of these techmniques

“In order

of

was
last
were

simulated data would be used. Due to
its ready availability, user
familiarity, and the fact that it was
developed for CPE experiments, the
CPESIM simulation was selected.

The CPESIM simulation was

developed at the Air Force Institut. of

for the CPE course taught there [9].
CPESIM is a simulation of a single
processor, multiprogrammed, batch

orientéd mainframe. The peripheral and
operating system configurations and the
workload can be controlled, + The
simulated computer processes ‘the
simulated workload, and generates
accounting data, software monitor data,
and hardware monitor data. Thus the use
of this simulation allows data to be
generated under controlled and variable
conditions,

“‘teaching “aid’
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The CPESIM accounting data was
used as the source of the data for this
study. Table 1 shows the wvariables
used, Turnaround time was used as the
dependent variable in all cases, and
I/0 time 'was also used as a dependent
variable in the canonical correlation
analysis, :

Table 1. QPESIM Independent Variables
(Defined for Each Computer Job)

Variable Description

CPU "~ CPU secop&j used
MEMORY vK—bytes of CM used
~
CARDS ' Number of cards read
LINES Number of lines printed
/ L :
DISKIO' Number of disk accesses
TAPEID Number of tape acces:es
TAPES Number of tapes mounted
TARRIV Job arrival time (in hours)
IOQIHE Total -job I/O time (seconds)
{ Highly correlated
) with DISKIO & TAPEIO

TURN A job's batch turnaround time

Two primary data sets and two
vari .nts were created using CPESIM,
These are defined in Table 2, Not all
of tlrse s8sets were used for every
technique. In addition, Data ret 3 was
created for use in demonstrating ridge
regression, This latter set was not
gen.rated by CPESIM, but was
hand-built, ! ‘

.“:
4. Test Results

Multilinear .regression analysis
was used to model turnaround time as a
function of the independent variables,
This provided a baseline for comparison
of the other techniques., The regression
results are indicated in Table 3. The
multicolinearity index was generated
using the ridge regression technique,
as presented later in this paper. Note
that Data Set 1, which excludes IOTIME,
exhibits little multicolinearity, while
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Data

Table 2 - CPESiM D:-a Sets

Set Observations D:scription

2a

787

Complex workload from four
organizations, earun

different, over fivz
days., High degree of

8-hour

.competition for resonrces.

7187

IOTIME not included.

Same as Set 1 except IOTIME
is used as an idependent
variabie, introducing known
multicolinearity. o

Data Sets la and 2 show increased
levels of multicolinearity due to the
high <correlation of IOTIME with TAPEIO
and DISKIO. This effect is diminished
in Data Set la due to the complexity of
the syctem and the high competition for
resources. Data Set 3 was regressed
both without X3 and with X3 included.
Note that the coefficients'.of X2 and X3
have a compensating effect, resulting
in a predictive capability equivalent
to that obtained wher X3 was excluded

from the model.

4,1 Ridge Regression

The first new technique considered
was ridge regression.The objective s of

106 SimRI?St Qa:a set from one this technique is to: detect the
oyganxzatlon over A.deys. presence of multicolipearity and to
Virtually no competition correct  for it by generating an
for ‘resources. IOTIME 1s improved set of regression
included. coefficients. There is no intent to

) change the predictive capability of the

452 Same as Set 2 ex.ept e:-t model. The benefit gainzd is ayset of

tenced to twenty days data. coefficients that more truely represent
) . £ th the importance of _ the predictor
25 This set consists o wree variables. The ridge regression
variables. X1 and X2 cre program geuerates the new coefficients
St?t19t1°81¥y independent, and also a Variance Inflation Factor
while X2 and X3 are highly (VIF) which 1is. an index of ‘the amount
correlated. of multicolinearity. Thus little
change would be expected for Data Set
1, some change for Data Set la, and
aoticable change for Data Set 2.
Table 3 - Multilinear Regressio: Results
, (Standardized Coefficients)
Multico-
Data CPU Central Tape Line: Disk Tape 1/0 R- 1linearity

Set Time Memory

Drives Prntd [/0Os I/0s Time Sqrd Index

1 123 .359 .223 046 .156 .097 .... .424 1.2
la .112 371 .235 .025 .053-.132 .265 8.3
-nﬂgggm“izﬁéw”mmwﬁigiwm“;TEEEmMMITO““”““R?"4“Muthcoiinearitywu~_MMMWq__
Set Drives 1/0s 1/0s Sqrd = Index

-,00094 -.00009 -.00150 .00173 .8334\ 69.5

2

Data

Set X1 X2 X3
K] 4.07 .34 co e
K] 3.84 28.68

-28.54

Sqrd

803

Multicolinearity
Index

2458.9

\

i
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is to recalculate the
regression coefficients, introducing a
small amount of bias k into the
calculations, When k=0, the
values are gererated as for multilinear
regression, It is desirable to keep k
as small as_ possible. The algorithm

The approach

increases k iteratively until some
heuristic stopping criterion 1is 'met.
Those «criteria considered in this
effort include (1) all VIFs less than
10 [5]; (Z) all VIFS less than 1 [4];
and (3) all signs correct [5]. Data
Set. 3 is used to illugstrate the effect.

In this set X1 and X2 are statistically
independent while X2 and X3 are almost
perfectly correlated. )

same

/.

‘The -results are shown in Table 4.
For Data :Set 3, two of the  heuristics
resulted. in nearly the ~ same

coefficients as were generated by
"multilinear regression when X3 was not
included. For Data Set 2, the
coefficients changed significantly with
little degradation in r-squared. For
Data Set la, there was a noticeable,
but small change in the coefficients,
Again r-squared was not affected.
Finally, as expected, for Data.S§&t |

two of the heuristics ;igigﬁteﬂIZhat no
at all. The

bias should be dde
criterioqﬁ,ﬂgTT’"V?Fs less than 1" did
‘;gquififh “bias—o0f__k=0.105, but the
actual coefficients changed little.

i

Table 4, Ridge Regression Results (Standardized Coefficients).
Data Set 1 (I/O Time Excluded. )
CcPU Central Tape Lines Disk Tape 1/0
k Time Memory Drives Prntd 1/0s 1/0s Time Heuristic
0.000 .123 .359 .223 046 .156 .097 - == VIFs<10, Signs
0.105 118 .329 211 .053 J145 .098 ———- VIiFs < 1
I\
Data Set la (I/0 Time Included. )
CPU Central Tédpe Lines Disk Tape 1/0
k Time Memory Drives Prntd 1/0s 1/0s Time Heuristic
0.000 112 371 235 .025 .053 -.132 .265 OLS .
0.015 JA11 365 .231 .030 .084 -.059 .18l VIFS <€ 10
0.070 L1069 347 .222 .037 105 002 .,117 Signs
0.110 .108 .335 .216 ,040 107 .015 .105 VIFs <1
Data Set 2
Cpu Central Tape Lines Disk Tape 1/0
"k Time Memory Drives Prontd 1/0s 1/0s Time. Heuristic R-sqr
0.000 -.00094 -.00009 -.00150 .00173 OLS .8334
0.012 -.00133 .00001 -.00025 .00051 VIFs<lO 7553
0.044 ) e = 00 1 2 .00000 - 00000 .00026 Signs L7199 T
0.092 -.00102 .00001 .00006 .00019 VIFs<l .7093
Data Set 3
k X1 X2 X3 Heuristic R-sqr
~0--:000 3.84 28.7 -28.5 0LS .8030
0.004 4.0 1.12 -0.79 VIFs < 10 .7932
0.024 3.97 0.34 -0.01 VIiFs < 1
0.026  3.97 0.33 0.00 Signs correct 7922,
‘ g P
{ 69 fA.
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This technique was applied to Data

) Overall, ridge regression did Sets 1, la, and 2a. The results are
improve-—the _regression coefficients, ... shown—in—Table5+—In—all-casesonly two
most notably in those cases exhibiting underlying factors could be found. The
large multicolinearity. The crater:a results for Data Set la are ver

"all VIFs less than 1" and "all signs appealing. IOTIME, DISKIO, and TAPELO
correct™ gave . approximately the same * '

results, and appeared
results than "all VIFs less than 10".

°

4.2 Factor Analysis

provides another
solution to the problem of
multicolinearity. -~ The . objective here
is to find the underlying structure of

Factor analysis

the data, then generate a new set of
variables, called “factors," to
describe the data. Usually there are

fewer factors than
variables, and
multicolinearity
them. Thus faor Data Set 3, two factors
would be generated. One would be
equivalent to X1, while the other would
be representative of X2 and X3.

original
little
should exist

predictor
or no
among

.This technique. yields results that
may be more useful from an ‘explanatory
point of view than ridge regression.
The latter may still tend .to hide . the
importance of a variable. Consider
Data Set 3. One could argue that both

X2 and X3 are equally important, and
either could be wused for predictive
purposes,  While ridge regression

reduced the inflated coefficient of X2
to reflect its proper importancé, it
essentially eliminated X3 by giving it
a near zero coefficient. Factor
analysis would explicitly show that
there were two underlying factors that
characterize the data, and that both X2
and X3 were equally related to. the
second factor. One then usually has
.two options for replacing predictor
variables with factors. One approach
is to use surrogate variables. Here a
predictor variable is found that has -a

high correlation with the factor
(called a "high loading"), and that
variable is used. In Data Set 3, such
an approach would indicate the use of

variables. If no
is highly loaded on a factor,

surrogate
variable

_then the factor values may be
calculated  as a weighted (by the
lvadings) sum of the predictor values.

of these techniques has been
applied, then multilinear regression is
applied to the factors to generate the
new model. 1t should be noted that
factor analysis is applied to only
predictor  variables; the dependent
variable is not included in the factor
analysis itself. '

Once oOne

to give better

the’
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"Data

while

were highly loaded on one factor, while
everything else was moderately loaded
on the other. factor. A good approach
might be to replace IOTIME, -DISKIO, and
TAPEIO with Factor One,
other variables alone. 57%2 of the
variation in the predictor variables is
accounted for by the factors for this
data set. Similarly, the results for-
Set 2a indicates one factor
represents disk I/0 (which seems to.
account for most of the I/0 time) while
the other factor represents tape I/0.’
The high correlations result in these
factors accounting for 89% of the
predictor variables.  The results for
Data Set ' 1 are more difficult  to
interpret. Factor one is a ‘"combination
of MEMORY, TAPES, LINES, and TAPEIO,
factor two seems to depend
primarily on TARRIV and CARDS. Only
43% of the .variation in the predictor
variables is modeled by these factors.

Table 5. Factor Analysis Results
(Vvarimax Rotated Factor Matrix After
Rotation with Kaiser Normalization)

Principal Components

Data Variable
Set Factor Number
1 2

1 TARRIV .1350 =-.6048
CPU .5659 .2576
MEMORY .6370 =-.3271
TAPES .7529 .0738
- CARDS .2642 .6574
LINES .5887 .0785
DI"XIO .3402 4274
TAVEIO .6297 L1912
cenlg —— 10WIME. . ....9553 . __.2357
CPU L1737 .6184
MEMORY .0189 .6904
TAPES .3825 6244
LINES .1280 .6591
DISKIO .6140 .0529
TAPEIO .8411 24172
2a IOTIME .9469 L3111
TAPES .0074 .8883
DISKIO .9876 .0349
TAPEIO .2140 .8694

~y

and leave the "~~~
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of eliminating multicolinearity than
‘ridge regression, However, it 1is a
more involved procedure,
4.3 Cluster Analysis
. Cluster analysis provides another
method for attacking the oproblem of
some underlying relationship between

Q

~of memory.

highly related predictor
are in the model,- factor
‘would seem to do a better job

‘When
variables
analysis

the supposedly
variables,
linear

predictor
scattergram
variables
line,

independent predictor

Multicolinearity implies a
relationship between the
variables. Thus a
"of two- highly correlated
would resemble a straight

nonlinear

jobs that
memory use
In addition,

large amounts

Consider a
Suppose that all
small amounts of
amounts of CPU time,
jobs that require
memory require large amounts of CPU
time, All jobs with small CPU
requirements use an intermediate amount
A scattergram for such a
workload might appear as in Figure 1.
CPU time and memory are not highly
Correlated, nor would factor analysis
find a single wunderlying . factor to
replace both of them, Yet clearly the
two are not truely independent, :

example.
require
large
all
of

CPU .

Time

.belong?;

~ class of turnaround times-

‘time

\
\

When cluater analysxs was
to the data sets 'in question,
clusters were found, Much of the
workload . was discarded - as falling
between clusters. No improvement to
the turnaround time model was found
using the resulting clusters.,. This is
primarily -a result of . the fact that
CPESIM currently ‘generates the workload

applled
natural

parameters independently, and does- not
provide for producing related
parameters. However, previous studies
[3] have indicated a usefulness of
cluster analysis to this problem.. In
addition, <cluster analysis has been
well accepted by the CPE community for .
workload analysis and generation of
simulation inputs [2].
4.4 Discriminant Analysis

Once it is known that jobs can be
catagorized into discrete groups,
discriminant analysis provides a
technique for Classifying them. The
groups- must be known in advance.
Discriminant analysis ‘determines a
discriminant function, based on '

empirical data,  that can then be used

to determine the proper group for new

jobs. Some possible applications to CPE

data are such things as (1) to which

user organization does each job

{2) to which cluster does a

job belong (but this can be dome ‘using

cluster analysis)?: or (3) to which

will a job

belong? This latter question might be

useful .in predxctxng turnaround times,

A problem is that discriminant analysis

works best when there are -clearly

LLflntd, disfinct groups. Turnaround

time tends .to be -a continuously
distributed variable. Thus arbitrarily

partitioning |turnaround time will tend

to generate groupa that are not well.
aeparated

This technique was applied to Data
-1 For the first..test, turnaround

was partitioned into three
classes; jobs with turnaround times of
les+ than 0.5 ‘hour; those with

Set

Memory.

Figure 1. Nonlinear Relationship of uata

approaches this
the workload
of similar

Cluster analysis
problem by partitioning
into clusters, or groups,

jobs, based on the workload parameters
(i.e. the predictor variables). Then a
separate regression- model can be
developed for each <cluster. Cluster
analysis starts with no knowledge of
such clusters, and then . iteratively

converges to a set of natural clusters.
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turddround  times between - 0.5 and 1.5
hours; and those, jobs with turnaround
times greater than 1.5 hours, Half of
the 787 cases were randomly selected
and used to generate the discriminant
function, the other half were wused to
test 1it, Table-6 shows the resulting
three group centroids. Table 7 shows
the resulting classification errors.

In an attempt to find more clearly
separable groups, the data was divided
into two groups at a turnaround time of
3.2 hours. These represented "regular"
jobs and slow jobs., However, only nine

A



Table 6. Group Centroids Table 8. Discriminant Function
‘ Coefficients

Group Discriminant
Number Function . Group Discriminant
i : Function
1 1,226 ’ C
2 -0.191 Normal -0.02472
3

-1.086 . : Outliers 2.13691

Table 9. Classification Matrices for

Table 7. Classification Matrices for Discriminant Analysis Example, 2 Groups

Discriminant Analysis Example, 3 Groups

: . ‘Clasgification Result
Results for Cases Used for Analysis sification Results®

- " Actual . Number Predicted Groap
Actual Number. P’°d1°‘°9 Group Group of Cases’ Normal Outliers
Group of Cases 1 - 2 3 - Co
ya 107 85 18 4 Normal 718 RS s,
ya . 79.4% 16.8% 3.7% o - :
/ : o
; 2 186 48 84 54 Outliers 9 ‘ 1'1'* 8889z
! 25.8% 45.2% 29.02 : . Bt Lt
3 88 : 5 ﬁS 58 85.51% of a}l caseq.classiihed cprrectly

5.7% 28.4% 65.9%

59.58% grouped correctly.

4.5 Canonical Correlation 4oalysis

Canonical correistien arilysis is
technique for redreeng the
dimensionality of datz. If relates two

Results for Cases Not Used for Analfqis

nnéigﬁal o§92:::s P;edxct;d Gro;p sets, each of whici cuncains several
P ’ .related variables. - Similar to
‘ yegression ‘analysis, which models a
! 12 78922 19231 2351/' gsingle dependent variable as a function
’ * o . of a set of andicitor'ﬁariables, this
) . : technique ailows a =&set of related

2 oz 27522 417gv g?0|z dependent variabies to be modeled as 2
chA TRenm TErem function of a set of predictor
3 23 4 31 58 variables. Note that each set should

consist of variables that are somehow
4732 33.3%7 62.4% related. _ .

LN

57.14% grouped currectly. The apprdECh* is to define two

R i i ¢ *
“A“mﬂmﬂwjowy“fgrr“inro*tthSTow'grOUP. leaving cgéonLca} variates, X* and Y*, where

778 <cases in the regular group. The

two group centroids are shown in Table o = Aixi (1)
8, while the classification errors are _ 1
indicated in Table 9. Note tb§t.113 of d Z
. the regular jobe were misciassificd a3 an ///
slow jobs - considerably more than the ‘
nine actua. ones. ‘ ) y* - :E:BiYi (2)
Discriminant analysis is not a ' o .
seful tool unless the data ig kundwn to B . . . t -
?iif into vell defined distinet where the Xi represent the independent, (
classes The CPES [ dxts did  mot or 'predictor, variables and ~the Y1
rovide. a gpood exawple «f’ snwch an "represent ‘the dependent variables.
S v - - ‘ These two models are - solved
environment. simultaneously for the coefficients
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subject to maximizing the correlation . Thus canonical co?relatonl has e

between X* and Y*, The coefficients limited usefulness in CPE. The” primary
indicate the ., contribution 'of each - problem with its apstication ‘is
lvar%able to the corresponding canonicatl defining a set of relafad dopendent
variate. Canonical loadings measure variables of interest.
the correlation of each variable with
its canonical variate. Redundancy . is
* defined as a measure of the amount of 4.6 Automatic Interaction Detection (AID)
variaton in the predictor set that is .
explained by the dependent set, similar Automatic interact-.on detection
to the r~squared value in regression. (AID) 1is another data partitioning
C : . scheme, but with a differeat objective.
This téchnique was applied to Data Its purpose is to detect the presence
Sets la and -2a. Turnaround time and of nonadditivity, or iateraction
IOTIME were included in the dependent between variables, Th: data is eplit
set as related variables, and .the into two groups based nn one of the
remaining predictor variables were predictor wvariables i erder to form
incleded in the other set. The results the two . groups with the lrast
for Data 'Set 1 are shown in Table 10. within-group variation of .the deponuent
For the y wvariate, note the high variable values  and . the meLimum
loading of IOTIME for one solution and between-groups variatium, Th=u each
for turnaround time for the other group - is further split and s¢ forth,
solution. This implies that these two creating a tree. If the resuitirg tree
dependent variables are not really is symmetrical, then no itreraction
related. Note also the loadings-of the between variables is suspected. A .
X variates. . For this <case, two nonsymmetric tree indicates” that
independent regression models would interaction exists. Such nonadditivity
have been more appropriate. Table 11 can be corrected for (in s prédictive
presents the results for Data - Set 2a. sense) by adding produc’ terms -to the
These results are more useful. Note regression model. '
that both dependent variables are o
highly 1loaded on the canonical variate This technidxes was applied to Data
in the first solution. Notice the high  Sets 1 and 2. Figure, 2 shows the
redundancy, The X 1loadings indicate resulting tree for Data, Set 2, Since
the importance of the individual- this was the simple data ‘set,
predictor variables in determining the intuitively no interaction was
dependent set, which might be expected, and the symmetric tree bears
characterized as "job run time" in this that put. Figure 3 is the- tree for
case, : Data Set 1, #ere assymetry is cleary

. .-Table 10. Results of Canonical Correlation Analysis
B _ (Data Set la)

Variate ‘ ' “CANVARL CANVAR2

Canonical . Canonical

x-variables Coeff Loading ‘Coeff 'Loading Total
.

TARRIV L/ 0.0070 =0.0353  0.4777  0.4997
ceo - - . -0.,0105 0.2998 0.0845 0.2573
UMEMORY. = 0.0068 0.2334 0.3789  0.5366 .
DISKIO TTO2LSTTTTOU3842 T =070695 T 004 LS e
TAPEIO - 0.9290 0.9755 ~-0.4147 ~-0.0224 C
TAPES . -¢.0019 0.4612 - 0.7743  0.6981 ‘ -
CARDS 0.0061 0.2566 -0.0179 0.0350 ' '
LINES 0.0203 0.2743 -0.0662 0.1526
Redundancy 0.1972. 0.0798 . 0.2770

x~variables

TURN ' 0.0026 0.3713  1.0760  0.9285

IOTIME 0.9990 1.0000 -0.3995 -0.0024
“ Redundancy | 0.5615 | 0.2462 0.8077
j ' o
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fable 1. Résults of-Canonical-Correlation Analysis

(Data Set 2a)

Variate . CANVAR1 ' CANVAR2

v Canonical Canonical
x-variables Coeff Loading - Coeff Loading Total
TARRIV : : -0.0004 0.0126 -0.0077 -0.0949
- CPU : "0.0040 -0.0104 -0.6379 -0.6499
- MEMORY -0.0034% 0.0054 -0.0350 -0.0454
DISKIO 0.8702 0.9183 0.0474 0.0154
TAPEIO - 0.3932 0.4988 0,0752 0.0675
TAPES , -0.0011 0.2606 -0.0158 0.0054
CARDS " 0.0112 0.0788 -0.3000 -0.3323
LINES ) " 0.0490 0.0863 -0.6908 -0.6916
Redundancy 0.1453 0.1057 0.2510

)
x-variables

TURN -0.0369 0.7969 -1,7040 -0.6041

I0TIME 1.0297 0.9998 1.3582 -0.0217
Redundancy . 0.8095 - 0.1504 0.9599
. ~eyident, indicating that interaction is relation.of multicolinear variables to .
present. Adding the two product terms these factors could be clearly seen,
(MEMORY }x (TARRIV) and (DRIVES);(TARRIV) and multicolinearity was removed from
improved the r-squared value from 0.424 . the model when the factors were used in
to 0.505. These terms make semnse in, place of ‘the original -.predictor
light of the fact that other techniques " variables. Cluster ~analysis extended
have :uiicated a problem due to tape this  solution to cases where a
drives and accesses, and as the system nonlinear relationship exists between
starts to backlog, jobs with a later predictor variables by partitioning the .
arrival time will tend to be impacted . workload into sets of similar jobs, so
even more. . © . that when modeled ' separately
- ‘ - multicolinearity was not a problem.
Thus automatic interaction D@sﬁriminant analysis appears to have
detection does seem to be a good tool limited use in CPE, providing- a
.for the detection of interaction technique for classifying jobs:@ into
(nonadditivity) between variables in _previously defined, clearly distinct
CPE modeling. groups. Similarly, canonical
correlation analysis seems to be useful
. only when a group ~of. dependent
5, Conclusions performance variables zan by defgned to
be modeled as a <function of the

This study ‘considered  the
application of seven techniques to the
empirical modeling of turnaround time

predictor variables., Finally, Automatic
Interaction Detection (AID) was found
to be a useful tool for the detection

a

e in_a CPE environment. Multiple linear  of nonadditivity, —or  imteraction,’
regression ‘analysis Wwas Uged as i BTiipetween VAT Lableg T s s e s et
baseline on) four sets of data. Then -
each of the -other: techniques was
applied to %see if the mode} could be Current effqrts are under way to
improved. It was /found that ridge test these techniques further. Data is
regression was a useful tool in being gegerated to allo? .efplxclé.
removing the distortion of regression demonstration of the capabilities O
coefficients due to multicolinearity, cluster _analysis, and to demonstrate
but that it tended to give the proper the ability to use several of these
coefficient for" onme variable at the technxqges"301nq1y to improve a given
expense of the. related varigble. regresslion mgdelm In addition to these

' tests with simulated data, an effort 18

Factor analysis, ‘on the other hapd,
took a more basic approach by finding a
new set of variables, or —factors, tO

characterize the workload. The

under way to apply these techniques to
data measured on an actual online

system.
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_ increase system performance.

=

GENERATIVE MODEL OF PROGRAM BEHAVIOR!

IMPROVING THE ACCURACY OF A W(/)EZLKING-SET-‘ORIENTED

. Domenico Ferrari
- Tzong-yu Paul Lee

Computer Scjence Division ]
Department of Electrical Engineering and Computer Sciences
University of California, Berkeley .
Berkeley, CA 94720 '

An experiment based on trace-driven simul

ation is carried out to study various

improvement strategies for a working-set-oriented generative model. Working
set size strings extracted from a real program ‘trace are used as inputs to the
generative model. The memory demand and page fault rate of these artificial
memory reference strings are compared with those of the original real reference
string under the working set policy. The same strings are also tested under two
different memory management policies : the page fault frequency policy and the
least recently used policy. Artificial strings generated with. proper strategies

behave quite well under botk

the working set and the page fault frequency poli-

cies. However, they behave s than satisfactorily under the least recently used

policy.

Key words: Generative model; program behavior; working set policy; workload

characterization.

1. Introduction

In the study of program behavior, memory
referencing patterns have long been a subject of
interest. On the one hand, various memory manage-
ment policies have been proposed and implemented to
optimize the utilization of system, resources and
On the other hand,
techniques that enable compilers to generate better-
behaved code in order to achieve the same purpose
have been studied. Various methods for restructuring
'programs so as to imiprove their refgrencing_b_ehqvior
have also been investigated [Ferr76a].

Very often, in these studies, program reference

MThe research reported bere has been supposted by the National Scieace
Foundation under grant MCS80-12000.
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strings are used to compare the perforinances of vari--
ous . memory management policies or to. validate

‘models of program behavior. These strings are usu-

ally collected by interpretively executing real pro--
grams on an existing system, but this process is rather
tedious and generally very expensive. The use of
artificial strings instead of real strings has some clear
advantages if the former reflect the behavior of the
latter. Artificial strings are usually produced by gen-
erative models- of ‘program-behavior [Sage73a), that
ideally should use relatively few parameters and be

based on telatively fast algorithms. -

It is usually not necessary to reproduce a
program'’s behavior exactly; consequently, the genera-
tive model will try to reproduce those properties of a
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real string which are deemed to be important in the The input to the generative model is the given

context in which.the artificial string is'to be used. In wss sequence, which is defined for a given window size
this study, the memory demand and the page fauit T. The wss sequence -corresponding to the artificial -
rate have been chosen as the importany aspects of a  ‘string produced by the inodel with a different window
».  feal string to be reproduced. Our primary context is size. will generally be different from that of the .
that of the working set policy [Denn68a), but we shall modeled program under the same conditions. Perfor-'
also be comparing a real and several artificial strings mance indices of other kinds are usually different also.”

~under the page fault frequency policy [Chu76a) and
the least recently used policy [Matt70a). - For conveni-
ence, these policics shall be referred to as WS, PFF,
and LRU respectively. -

: -The string generation algorithms used in this  *
study can be classified into two general categories i '
the single T generation algorithizs and the double T
‘ . algorithms. By 'single T gencration’ we/refel to the
The generative model “evaluated here, which is generation of an artificial string baséd on one wss =
based on/a workiug set characterization and repro- sequence, corresponding to one valde of T. By¥'double - -
duces given working set size dynamics, was proposed - T generation' - we refer the gencration! of an
by Ferrari [Ferr&la) and first implemented by Dutt artificial string based erf two wss sequences. B¥ speci- .
[Dutt$1a]. This paper deals with various improve- tences with two different window i :

fying two wss s

| mvn/p’_str:n.(-givs tha.t can be applied to this working- sizes, the subsset of reference strings that_can bé gen--
set-oriented generative model. erated ~is further constrained.. With the use of .
The gencrative model is described in the next/p@triatg‘ ge‘ngration strategies, the artificial 'ring. <%
section. The proposed improvement strategies for the As expected to. represent the modeled program’s .
modcl and the design of the experiments are detailed - behavior under various memory: management policies
in Sections 3 and 4, respectively. The results and more accurately than the string gencrated by a single
their analysis are presented in Scction 5. Finally, in T wss characterizatiof. IR

the last section, conclusions are drawn from the out-
come of the experiment, and directions for future
research are provided. :

The properties o worki'g set size strings and the - |
feasibility of both sipgle and double T generation .
algorithms are treat :tensively in- [Ferr81b), .
[Ferr82a], and [Lec82b). v

2. Background -

The goal of a generative raodel is to provide a
sequence of page references whose characteristics of
interest are similar to those of the modeled program.
The generative model evaluated here is based on the
sequence (or on sequences) of working set sizes and
possibly on other parameters. While it is desirable to
reproduce the dynamic behavior of the modcled pro-
gram as accurately as possible, it is also important to
minimize the number of parfmeters needed for the
generative model. A sequence of working set sizes is
generally redundant in its information content, as it
can be completely specified by the sequence of the
pairs (4;,w;), where ¢; is the time at which the work-
ing set size (wss) curve changes its slope, and w; js
the wss at that time. This sequence is the input to
the generative model used in the experiment.

3. Improvement Straﬁegies

The original generative model incorporated 'a ‘
very simplé strategy, since its main purpose was to . *
gain some insight into the behavior of artificial refer- -
ence strings [Dutt8la]. The artificial reference string

. was generated with a single working set size string -
‘extracted from a real program reference string. In the -
strategy, three queues of pages.are maintained : the
external queue (E), the candidate queue (C),-and th\e ok
Jorbidden queue (F). Initially, aIV pages are in the' |
external queue. Whenever the working-set ;'size 0
increases, a new page is chosen from the external &
queue and used as the page to be referenced next.
When the working set size does not increase, the next -
reference is chosen from the candidate queve. Now, if
the working set size does not decrease T units of time

When a sequence of wss's is given, the window later, the chosen page is put into the candidate queue, - -
size T used to define the working sets must always be since it is to be re-referenced within the next working -
specified.  The reference string generated - by the set window. Otherwise, the page is put into the for<

" model on the basis of the given wss curve does not bidden queue, whose members cannot be referenced.
coincide with the original real string (if there is one). Fur/thermore, if the working set size decreasés, the .
- However, with appropriate generation algerithms, the page in the forbidden queue that was referenced T
- generated string might be made to possess the essen- time units earlier is moved to the external'queue’i for: .
*  tial chzracteristics of the nodcled ¢ne. In principle, future use. The candidate qucue is managed by a ©
all possible reference strings of length n form a vector FIFO policy for simplicity, and the external queue by
space S" where § is the page set. Iy specilying a a LIFO policy for economy. _ C

i
particular sequence of wss's, we focus on the subspace

of this vector space whose clements all have the given
wss characterization. Lo

With these simple data structures and stratcgi&;:; N
the artificial string generated is fpirly ‘accurate under
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the WS pohiey with a window size larger than or equal
tu the used inits genecstica. However, its
behavior waders both the I'UF and LRU policies s
_unacedptable Duttslal. Under the PEE policy, ence
enough page: manage to be'in memory,
page fault can ever occur. Cader the LRU poliey, the
cyelie referencing belzvior dae to the FIFO manage
ment of the candidate queune ereates a large number of
page faults. Diseil on these ohservaticns,
strategies ‘were propoesed,

one

‘three gen-

(1) Use Two Working Set Size Strings ,
The idea behind this approach is that foreing the
artifivis |l string to follow two dynamie wsa charactert-

sations with two reasonably spaced working set win-

R} 158 e T LS 1L EE L_L.\L;'.CL_,JL; . [np[»()(h]g_g"“]g-_ ()r_lg;_[!_;;[ -

“tring’s beluvior wore accurately. For example, the
artificial strng generated with this, strategy may not
b ae wnslllw to a change of window size.

(2) Use All Pages

All dhstinet pages that are re fc-r(-'nm 4 in the reul
program reference string will be'put in.the external
quene and used i sore fashion. Instead of nmn'tgmg
the external quene by a LIFO pelicy. new pages are
chosen aceording to one of two eriteria. The first 35 to
oviole the pages in the external queue in FIFO order.
Intuitively, page will beo referenced in the
artificral strmg when it turn comes, The second 15 to
use the pages ln the external ueue in such a way as
to mateh the redl program profile, ie, the relitive
referenemg frequency of cach page. The rationale
behund the latter approach is to account, at least to

“earh

wotue extent, for the identity of the referenced pages;

thi~ attempt at reproducing referencing frequencies -

may amgrove the be shavior of the artificial reference
string under Various memory ine wagement policies,

{31 Reuse Proviously Referenced Page

The eyche referencing pattern_of the nriginal
SNUERLEEY canss severe pronms with the LRU policy.

Program  referencing behaviers generally exhibit a

Y

high degreesof lecality. In particular, there is a high
probability that the current page coineidos with the
page Just referenced .

I

~

4. Design of the Exp:rim’éntls

4.1. Paramectcss of the modcl

The parameters of lh('%mlrl are watimsted from .

1 real trace This trace was bbhthtned from the ineer-

Cpretive execution of an APL programn on an 1M
360761 mactine  Exeept for the was “charavteriza-
Lons, which were obtained from the fint 550,000

references, all parameters were derived for the ﬁrsl
500.000 references. Various porﬁ»rhmuu- indices of
the real trace, later used for coniparisons, were also
"gathered by trace-driven simulations from the same
500.000 references :

no TTurthr

~the-other-two-were-used for_double |

Three wss characterizations were obtained, with
window sizes of 5000, 10000, and 2QC00 references
respectively. For single T generation, the wss charac-
terization with window size 10000 was uw(l wl ercas
AAAAAA As

mentioned in Section 2, 4 wss chnmcl(nz:\lx(m is, a
sequence of ¢, u) pairs, where is a time at whien the
slope of the wss curve changes, and w is the value of

“the wss at that time. The numbers of pairs teeded by

the. three .characterizations of the APL program_trace
are 1157, 619, and 525 for vindow sizes of 5009,
10000, and 20000, respectiv ely. The nominal window
size of 10000 was chosen for two reasons. First, this
window is not so short as to obliterate the program’s:
phase transition behavior [Dutt3la] snd not so long as
to_require_too much memory sgace. Secondly, in the
neighborhood of window size 16000, thé spacetime
product curve shows rather stz ble and relatively low
values.. ;

[hc coc fficient .of resiliencz is d. (mnd here as

-the probability that lhe page referenced next is the

same as the currently referenced one. In essence, this
is the probability of referencing the top of the stack in
an LRU envircnment (it is often called d in the stack
distance probability distribution {Spir? n]) The value
of the estimate of this parameter fromn the real trace is
0.1t -

- The number of distinet pages in the first 560 600
refetences of the real trace was found to be 110. Not

surprisingly, the most frequently  referenced  page
accounts for 25 percent of the references; also, 20

percent of the pages account for 86 pereent of the
references. '

" 4.2. Performance indices

_time prX
fault time

85

Varjous performance mdlces were chosen for com-
paring real and artificial slnngs To compute the
space-time product, the par‘c wait time was assumed
to be constant and equal to 10000 references. The
primary performance indices considered in the various
contexts are listed below.

{1} WS environment

Mean working set size, page fault rate, space-
time product, working set’size distribution. and intér-
fault time distribution are the prumr\ indices sve are
interested in when the WS polity is used. o
{2} PFF environment

ean working sct. size, page fault rate, space-

istribution are the primary indices of con-
¢ern in the NGF case. The parameter T of the PFF
algorithm, ie. the threshold of interfault times, w.Ls
chosen to equal 1543 references. This is the value =
the mean interfault time ebtained under tle WS pol-
icy with a window size equal to 10000 references.

uct, working set size dist ribution, and iuter-’
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(3) LRU (-n\'irnémn-nt

Page fanlt rate, space-time produet, interfault
time distribution, and stack distance prabability dis-
tribution are the primary indices of conéern in the
case. For the stack distance probability distri-
“bufion. the ‘probability d, of referencing the top of the
staek is particularly un;mrtnnt. The parameter of the
LRU policy, i.c., the fixed partition sin, was chosen
to be 21 page frames. This is the mean working set
stze with a window size of 10000. Under the assump-
tions made by Denning and Schwartz [Denn72a), this
choieg for LRU should produce the same page fault
rate as the WS policy with window size 10000,

4.3. Overview of the Exneriments

. 4.3.1. Artitlcial Strings

Twelve artificial strings, cach 500,000 references
long. were generated and compared with the real
string.
three control variables of the experiment : the number
of wss characterizations, the way to select a new page
when one needed, und the method for re using

pages already in the working set.

l\

A string name consists of three characters Y7,
where X is S in the case of single T generation, and D
in the case of double T gencration; the binary variable
Y is 0 if the old pages are re-used in FIFO order (i.c.,
pages are selected from the candidate quene in the
order in which they were put in), and is 1 if the pro-
bability of referencing the proviously referenced page
rather than the first in the candidate qucue is taken
into account {in this case, the number of consecutive
references to the same page is geometrically distri-
buted): finally, the variable Z is 0 if new pdges are
selected from the external queue in LIFO order, 1 if
new pages are selected from the external queue in
FIFO order (in this case, the external pige queue ini-
tially contains a nufaber of pages equal to the the
“total number of distinet pages referenced in the real
string). and 2 if new Pages are selected from the exter-

nal queue according td a given relative frequency dis-
tribution. of page refercnces (in this case, the usage

recor of each page is continuously updated so that

the appropriate page can be chosen to mateh the
given frequency distribution). '

4.3.2. Data structures

To generate the six strings named Sex, the sim-
Ile 3-queae data structure deseribed in Section -3 is
used. :

To generate the six strings named D#* we could
operate with two- sets of quenes, cach corresponding to
one wss characterization, :_ene set will consist of C,
F, and E,, and the other of Co, Iy, and £, Each
page would be at any given time in one (and nnly one)
of the three queues in each set. However, if these six

The names of the artificial strings rellect the

. queue.
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arrival of the pages in each quene.

“need to do linear searches on them in most cases.

queurs were inplemented as deseribed, it would be

necessary to calealate’a large number of intersections

of two queues, one from cach set. To speed up the

generation algorithin, 'a data struecture consisting of
five doubly-linked lists {queues) was implemented.

Each queue in the structure corresponds to a pnrtlcu-

lar intersection of the two queues mentioned i oove,

Fortunately, not all possible intersectioas of the six

original queues are needed in the generation of refer-

ence strings. ' The five (intersection) queues required -
are O\ Co, I'Fy, .1 0o, CyFa, and C|F,.

All pages are initially in the E;E, queuc. When
in both wss characterizations the wss increases, a8 new
page is selected from the £\ L, queue nccording to the
strategy specified by variable 4. When in both wss
characterizations the wss does not mcrease, a page is
selected from the C',Cy queue. \When the wss with
the larger T does not have to ke increased and the
other needs to be increased, a page is selected from
the (') Ea queue. ‘

After the page to be referenced next is chosen,
the queue to which this page should be added is to be
sclected.  When the page has to be re-referenced in
order to remain in both working sets later, the page is -
put into the €', queue. When the page has to drop

"out of hoth working sets later, and cannot therefore

be re-referenced until then, it is put into the.F,F,
When the page his to remain in the \Vorkmg
set with the larger T, but has to drop out of the
working set with the smalle\r T, the page is put into
the '} Fa queue.

A page stays in the f',f'z\qucue until it drops out
of both working sets, at which time the page is
released and moved to-the £,Es queue. Similarly, a
page stays in the C'|Fy queue until it drops out of the
working set with the smaller T, at which time the
page is released and sent to the CE, queue. No
other transitions of pages between queues are possible.
it should be noted that this arraugement of the data
structures also maintains the chronological ordering of
Therefore, nn
search is needed to select and delete a page when the
FIFO strategy is used.

5. Experimental Results and Their Analysls

The generation of 500,000 references with a single
window size took from 275 scconds to 421 seconds of
VAX-11/780 CPU time depending on the options
chosen. The generation of 500,000 references with
two window sizes took from 306 seconds to 466
seconds'of VAX-11/780 CPU time dep.nding on the
options chosen. The remarkable efficiency of the dou-
ble T generation algorithm is due to.the carefully
plaoned structure of the queues, which climinai~s the

An

optimized version of the generation program, without

§4



statisties athering, l'« vactml tn fun twice as fast as Table 1. Churacterlstics of the Strings
the versidn we have used to gather such voluminous
statistics hs page reference distributipn. ; —

The [strings were run under Varions memory string l.l?tu.m‘bcr oI'” CU(“[]'.lI(jl(‘llt of
managempnt policies, and  their performance indices - distinct pages resiience
woere combared with those produced under the same ?00 56 0.000
policies by the real string. These comparisons are dis- bel 110 0.000
cussed’ in the following subsections. Notice that string 502 80 0.000

800 is essentially the same as the string generated in 510 o6 0.544
an carlierfex periment [Dutt&la). ’ St 110 - 0.544

. S12 80 0.514

6.1. Characterization of Artiflcial Strings Real 110 0.544

Two | statistics are listed in Table 1 for com- D00 78 0.000
parison : [the total number of distinet pages used in Dol 110 0.000
cach stripg, and the coefficient of resilience. The Do2 80 0.000
qumber of distinet pages used in S02, S12, D02, and D10 2 0.544
D12 would reach 110 if the string generated were - DIl 110 ‘ 0.544
infinitely {ong. However, due to the very small proba- D12 . 80 0.544)
bility dengitics at the tail of the distribution, only & \ere generated- with two T's. Their pcrforl\'mncc
fraction of all pages are actually used when generating indices were found to be exactly the same as those of

500,000 re ferences, the \r

~~

. cal string executed under the same window
size(s). 'l‘his was expected, but strengthened \pur

0.
5.2: WS POl'CY results confidence in the correctness of the generation pro-

Artificial strings were exccuted under the WS grams. The results for the real string under the WS
poliey, with window size 10000 if they were generated policy with several different window sizes are given m'
with one T, and also with other window sizes if they Table 2. '

1
\

Table 2. WS itesults for the Real String

3

window | mean | max | changes of | spice time | page fault max
size wss | Wss slope product rate interfault time
. 20000 |[26.17} 7 525 110128 0.000562 111695
15000 | 23.67| 67 554 1.07128 0.000592 111695
10000 |20.90| 56 619 1.00E& 0.000618 ‘111695
N 7500 [19.29{ 51 742 1.14E8 | 0.000770 65202
~| 5000 |16.90{ 45 1157 1.2018 [ 0.00118 |. .5"09"
- Table 3. WS Policy (T=7500)
\ - .
string mean | max | chanzes of | space time | page fault max
wss | wss slope nroduct rate interfault time
D++ | 1938 5l 772 1.18E8 0.000800 80577
| Real {19.20] 5l 742 114128 0.000770 65202
| ;
{
| o Table 4. WS Policy (T==10000)
- % string mean | max | changes of | space time | page fault max
- wss | wss slope | “product rate interfault time
Des [ 2105 56 613 " 1.05E8 0.0006-12 111695
Real 12090 56 610 1.065% | 0.000648 | = 111695
- ' Table 6. WS Policy (T=15000)
| . mean | max | changes of | space time | page fault max
string : . . .
\ S wss | owss slope preduct | rate interfault time
- : Dxs | 23.71 | 67 532 1.05E8 0.000570 111695
‘ Real 23.—67 67 554 1.07E8 0.000592 111695
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When generating artificial stricgs with two win-
dow sizes, it 15 of wterest to investigate the accuracy
of the charaeterization for walues of T between the
two window sizes used in the generation phase. The
results for three intermediate values of T are sumnmar-
ieed an Tables 3, and 4. and 5. Not »nly the first
mwoment results but also the distributions were found
to be very close (mthln 5 pereent}) to those of the real
s!rmg [Lees2a)

As shown in the tables, the results for all
artilicial strings named Das were found to be identi-
cal. This observation was generalized in the following
theorem, whose procl s lengthy and has therefore
been omitted here (it can be found in [Lees2aj).

Theorem
Strings Des generated frory two wss characteriza-
tons with window sizes T, and 7). with T, < T,
have the sdine wss echaracterizations for any T
sivh that T, < T'< T},

5.3. PFF policy results

That the aceuracy of strings
low ander the PFF Toliey is not
waccuraey is Jdue to thu fact that,
taken from the external quene
fuither page faults con oceur after all pages . are
bragght into menory. However, if in the string gen-
cration algorithin we increase the size of he page
population at ihe time a new page is seleetéd, we can

adequately reprocluce the performance of the real
string under the PEF policy.  Also double T genera-
tion  produc-s accurate  artifieial  strings.  This
encouraging veadt s due in part to the similarity
between -the WS and PFE policies in, their dynamic

too surprising. This
when new pages are
m LIFO order, no

560 and S10 is quite

6.4. LRU policy results

The performances of all artificial strings un(\(r
LRU differ significantly from that of the real string.
Fven making various modilications to the original

- simple generation algorithm, accuracies are still unsa-

tisfactory.. During the simulation, also the LRU stacki
distance probability distribution was obtained. 'l‘hc\
probabilities d, of referencing the top of the stack are
reported in Table 7. One reason.for the inaccuracy of
the artificial strings is that the value of the parameter

, the number of page frames allocated to the pro-
gr.un in the LRU e:\pcrunonts was not appropriate.
The page fault rate produced by the real program
trace with a memory allocation of 21 page frames was
more than twice that produced by the WS policy with
window size 10000. It is clear that the APL trace
does not satisfly all of the assumptions made by Den-
ning and Schwartz [l)onnx"a] Assuming that the
reference strmg is stationary is probably unrealistic in
this e\p(-rmuvnt Similar findings were reported in the
literature lJ) other authors (see for example
[Sunhﬁa])

A nm\ value for the parameter m was obtained
by trying to match the measured page fault rate of
the rcal,’:«trlng under the W poliey with window size
10,000 references. This nev value of m turned out to
be 31 page frames. The per formance]indices obtained
from the LRU policy with the newi m are given in
Tablé’8. As shown in Table 9, this ch: ange resulted in
an improvement of almost one order of magnitude in

the accuracy of the artificial strings.. However, the
accuracy is still unsatisfactory. Working-set-oriented
artificial strings cannot be reliably used in LRU
environments.

and ul.lpll\( alloeaticn of menory to programs. The A
PFE poliey revults are summmarized in ltho f.
- ‘ Table 8. PFF Policy (I=1543) “

“tring mean | max | changes of space time | page fault max
' wss | wss slope product rate interfault timme

S00 [ 5550 56 56 4.30E7 0.000112 490024

S0l | 20971 67 318 1.02FK8 0.0C06 18 111695

k 802 | 26.16 | 64 260 - 8.83E7 . | 0.000528 111695

S10 | 55.5 56 36 4.32E7 0.000%12 400024

S 2097 67 318 1.02.8 0.0006 15 111695

S12 | 27.68 | 64 255 8.80L7 0.000516 111695

Real | 2071 67 4\ L17E8 | 0.000842 80339

D00 | 21.91{ 67 38t 1.14E8 0.000776 101010

Do1 |20.63| 67 413 1.1I8E8 | 0.000848 1:80399

D02 | 2093 67 409 1.18E8 0.000836 80309 . N
D10 [21.81] 67 381 1.14E3 0.000776 101010

DIl | 20863 67 413 1.18E8 0.000848 80309

D12 (2063 67 412 LI18ES .| 0.000848 80309

54
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Table 7. LRU Policy (m=21) 8. Conclusions

The tradeoffl among the possible choices for a

lstring page fault o max space time| d, - generation algorithm has two ~eoeets o accuracy and
rate  |interfault time| product |(pereent) complexity. A strategy more sophisticated than the
K00 | 0.217 111834 2.28110 0.0 simplest one should definitely be selected if perfor-
SHd | 0217 . 111605 2.2381410 0.0 mance indices are unacceptably inaccurate without it
sop | 0.217 1116085 2.281510 0.0 Such a strategy should also be incorporated into the
510 | 0.100 111834 1.05E10 54.4 generation algorithm if it adds relativel; little to the
Si1 | 0.100 111695 1.051:10 54.4 cou’nplexit,y\of the‘ilm)lpmentation and to the cost of
S12 ] 0.009 - 111695 1.04E10 54.5 the generation process, while appreciably increasing
Real | 0.00146 |- 111416 1 6308 54.4 the accuracies of some of the performance indices of
Doo | 0.130 111702> | 1.36E10 00 | 'nterest.
Dol | 0.130 111563 1.36E10 0.0 [N In a WS environment, since the accuracy of the
Do2 | 0.130 ° 111563 1.361210 0.0 double T generative model is practically independent
D10 | 0.0605 . 111702 6.36[209 54.4 of which strategies are chosen, it is clear that simpiif
DI | 0.0606 111563 6.37E09 54.4 city is the primary coiucern. 100 could be a rvason-
<1 p12 | 0.0601 111563 6.32109 54.4 able candidate; however, D10 has a better ~pefhcient
L of resilience. Single T generation is not considered
i Table 8. LRU Policy (m=31) - here—because " w.d the“ clear aglv:mtnge of double|T
—= . — generation in the sensitivity of the accuracy to {he
string page fault o max space time| d, choice of worki .g set window size. . |
rate  |interfault time| product |(percent . .
— - - - : Double T generation provides accepfable rcsdlts
‘200 0.00990 1,5.13? 1'551'19 _ 0.0 even in the PFF policy case. It is clear that taking
TOI 0.0102 111695 I'SQL:Q 0.0 into acccant tie nimber of distinet pages and nsllng
502 0.0101 111698 ].58!-:9 : 0.0 them in FIEO order when a new page is needed is
510 | 0.00476 175482 7.54E8 544 | very cost-effective; i
S11 | 0.00502 111695 7.9418 54.4 : w: / .
s12 | 0.00504 11765 | 7.86E8 54.5 'lhn. rcsult.s/ of the LRU cxperiments weore x‘mt’.
— - = very -satisfactory, but we should net expeet that d
Real { 0.000670 175302 1.19E8 54.4 o 4 . . . "
~d ~ approach for string generation will
_Doo | 0.00306 175302 | 1.40E9 U0 automatically provide a good accuracy under the LRU
Do1 | 0.00013 111695 14310 0.0 policy‘ﬁ. Fven in this case, double T generation with
D02 |.0.00008 111605 1.42[':9 0.0 the minimum number of pages (D10) is the most
D10 | 0.00439 175302 6.96L:8 54.4 cost-effective solution among those studied in this
| D11 | 0.00156 111695 7.23E3 | 544 paper.
2 5 505 > ¢ T
D12 | 0.00451 11169 7.2018 o1.4 Al things considered. a double T generation algo-

rithin is undoubtedly a better choice than any single

Table 9. Ratio of LRU Performance Indices T generation elgorithm. The coefficient of resilience
can be taken into account by the algorithm “to

) _bage f:%ult rate space .“"?"’ product improve the accuracy in a non-W$S environment. At
stnng ('amﬁmal/roal) (artificial /real) the same time, having the artificial string reference -
m=21 | m=31 | m=2l m=31 the same number of distinct pages as the real onc is
S00 148.63 14.78 130.88 | . 13.03 alsé very beneficial. In summary, the Dil strategy
sol | 148637 15.22 | 130.88 13.36 should be used. '
2(1)3 léi‘;; l?(l)(') 12518122 13381 .'l‘n improve the accu_racy.of the model il! au LRU
oS 68'-19 7'49 6-1‘-1; ) 6.67 < environment, incorporating into t.he algorithu: the
;l" 67‘81 7'52 63'86 6.09 first arder properties of LIRRU behavior may prove use-
— - - : - ful. For.instance, considering more than one stack
-Doo £9.04 13.37 83.14 11.76 distance probability, .e.g., d, and dg:in the generation
I)O.l 80'04‘ 13.63 83.44 A ]2'0? phase of the algorithm may shape the artificial string
Do2 85.04 13.55 83.44 11.93 to be more LRU-like R : .
D10 11.44 - 55 30.02 -5.8% : : T ’ i ]
D 11.51 .81 19.08 6.08 The qbvmus: extension of ic (Ioub!u I’ generation
NP 1116 6.78 38.77. 6.05 | approach is a triple T generation algorithm [Fefr&2a).

With three reasonably spaced window sizeh, the
model's acciracy in termns of first moement rm/ults as
well as of distributions should increase. However, it is
not known whether the further gain: in model xecu-
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racy will justify the increase in the complexity of the
generation algorithm.
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SOFTWARE IMPROVEMENT PROGRAM
Opal R. Stroup

Dafansa Mapping Agency
U.S. Naval Obsarvatory
Washington, DC 20305

This popar summarizas DMA's approach to upgrada {ts SPEKRY Sciaentifir and
Tachrical softwara while modernizing tha Agancy's softuare practices. Tha obje.-
tivas of tha fiva-yaear software improvamant program arat incraeasad productivity;
improvad softwara quality, malintainability, raliability, and portability: and

~standardization of softwara davalopmant practicas. Both currant problams and the
program to infroduca a modarn programming aenvironmant, improva axisting mftwar..
and upgrada parsonnal skills to support the new anvironmant ara daty " lad.

Xay words: automated varification; COBOL; DMA; FORTRAN;: modarn programming)
programming standards; sbfﬁware convarsior; softwara improvamant; STERRY 1163:
structurad programming

’ DMA F f i
1. Introduction has iva Componants including two

Production Cantars (tha Aarospaca Cantaer (AC) in
The Dafansa Mapping Agancy (DMA) is currantly _St. Louis. MO, and tha Hydrow: wphi~/Ton~grapi.ic
in tha initial stagas of a five-yaar program to Centar (HTC) in Brookmont, Md) whic', preduca the
souoada its - SPERRY 1100 Scientific & Techniégl MC1G products and data.
(87) softwara whila modarnizing tha Agancy's '

softirre production practicaes. Ultimate objac=\ Softwara may 'ba considerad a suboroduct of
tivas of this Softwara Improvamant Program (SIP) \\the-previouslv mantionad products rathar than an
ara:  increased productivity; improvad softwara \e@nd-product in itsalf. DMA's softwarg is used to

quality, maintainability, raliability, and p{:oducn. maintain, stora, and manipulata data, tc
portability; and standardization of softwara driva mapping and charting aquipmant, produce and
desvalopment practices. This papar providas an validata mathematical modals, genarate data in

svarviaw of tha DMA Softwara Improvamant Program. digital format, and ta.parform othar #*unctions
Bufora® dascribing thae Softwara Improvamant which creata DMA products..
Program, it is appropriata to mantion DMA's s
mission., producs, and organization. N 3. Background
2, DMA Mission and Products The D"A\:omputino envirﬁpment includas SPERRY

~1100 . main framas as illustratad in Figura 1.
DMA's mission is to provida Mapping, Charting Tha SPERRY acquisition histary from 1972 to the

_and Geodatic (MCiG) support and servicas for tha prasant as Qell\gs tha systams which will be in
‘Sccratary of Dafansa, tha Joint Chiafs.of Staff place in 1983 aralalso illustrated. In 1978, DMA |

and military daepartments, .n.d oth/qr DoD Compo- initiatad . the' 'P"\:\O II Computer’ Raplacamant
nants through tha production and worlduida Program® to compatitively acauira computing
distribution of maps. charts, pracisa positioning capacity to s#upport th@ Agaency in thae 1982~1990
data, and digital data for stratagic and tactical tima frama, by raplacing tha four SPERRY 1100s
military oparations andiueapdhs systams. DMA's (one 1108 and ona 1100/+2'par Cantar). As part of
mission also includaes carrying. out statutory the repluceuenf activity, DMA and tha Fadaral:
rasponsibilitiaes to provide nautical charts and Convarsion: - Support Cantar “(FCSC) parformad a
maring navigational data for usa by U.S3. vassals softwara convarsion cost analysis (using tha FC5C
and navigators in genaral. cost modal) for each of savaral acquisition

' ~
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Yaar AC HTC

1972 1108 1108

1977 1108 1108
1100492 1100/42

1580 1100/81 "1100/81
11006/82 1100/81

1983 1100/32 2x1 1100/82 2x1
1106/84 x4 1100782 1xl
1106,32 2xl 1100762 MP 2x1
1100/62 2x2- 1100761 1xi

figura 1. SPERRY ACQUISITI?N HISTORY

alternativas baeing considarad. To providae the
baxt trxdac?f betwaan maximizing compatition and
avoiding tha 830 to 640 million cost of convart-
ing DMA's aentira applications softwara invantory
to a naw targat machina, DMA salaected tha follow-
ing stratagy: upgrada of .tha@ SPERRY CPUs,
memory, card aquipment and printars; compatitiva
acquisition of tapas disks, and tarminals, soft-
wera racdesign;
bas2 concaptual design and implamaentation; local
area nwtworking, and tachnical support saervicas.

In granting tha Dalagation of Procuramant
Authority (DPA) [11]' GSA suggestaed that tha

Pgency implament a softwara improvamaent program
to ensurae that DMA will establish an anvironmanc

which will foster compatitive conditions for
s.ibsequent procuramants, DMA ‘had alraeady recog-
sized a naad to improva softwara and the software
devalopment aenvironmant and had savaral on~going
ralatad, {independant activitiaes. in prograss.
Included in thase activities ware’ several
Rasearch & Devalopment activitiaes in the area of
so ftwara davelopment tools. //

7/

Tha Softwarae Improvament Progr&m’ls intended
to consolidate into a singla coordinataed program
many on-going, raelated activitiaes which hava baen
davaloping indapandantly., Tha plan builds on
prior Centar accomplishmants to avoid duplication
of affort and to banafit from lassons laarnea
during - pravious activities [12]. It will
initially ba {implamcatad for tha SPERRY 1100
systams but will later be éxtendéd to tha mini-
computer anvironmant as wall.

Tha opaerational concept for SPERRY upgradae
for tha S$T. systems calls for transitioning tha
Agancy fTrom a centralizaed. batch-oriaentad data
procassing anvironmant to an intaractive procass-
ing environment. This includas: acquisition of
approximataly 500
300, AC - 200); aexploitation of :iata basa manage~
mant concapts and natworking: and convarsion of
non-standard production softward to ANS standerd

languagaes (ANS FORTRAN X3.9, 1978 [1]; ANS COBOL,
X323, 1974). Transition from +thae current
batch-orientad aenvironment to intaractive envi-
ronment alona is a significant task. This task

"is complicataed by production software dafician-

compatitiva contracts for data

v

interactiva taerminals (HTC -

cias, lack of reauiraed skills, insufficiaent
automatad data processing (ADP) staff, and the
absence of a modern programming aenvironmant.
Sevaral racent independent studiaes [4,5,6] hava
identifiad sarious deficiencies in DMA*z
production softwara. Thesa deficiencies may be
categorized as follows: '

1. Multiple versions of production programs.

2.° Non-ANS Standard (thereforae, nonportable)
coda.

3. Obsoiete coding practicaes raesulting in soft-’
wara which is difficult to maintain.

4, Llogical dasign which
and inafficiant,

is hardwarae-dapandaent

5. Poor endjuser intarfaca.

6, High errdr-off rata (much of which rasults
from poor usaer intaerfaca).

Most DMA software davelopars have racaivad
formal univarsity training in disciplinaes othaer
than computar scienchs/;oftware enginaaring
(a.g.,. physical sciehca, mathematics, earth
scienco; cartography, geography, geodesy, photo-
grammatry, atc.) and faw hava training/expariance
in designing intaractive softwarae systems. Thaera
is insuffici.ent ADP manpowar to perform a massiva
software raedasign while simultaneously support-
ing normal DMA production. Finally, DMA is in
only tha initial stages of introducing thosa
tools and tachniquaes which constitute a Modaern
Programming Environmant (MPE). Thaerafore, wa
hava. initiatad tha SIP and diracted it at thraa
araeas: : :

1. Softwara upgrade. (i.a.,

softwara. claanup
and softwarae raedesign). )

2. Upgrading of softuare davalopment parsonnal
skills, '

3. ‘Introduction of an MPE into DMA.

a9, Softwara Upgrada

Improvaemant of tha aexisting SPERRY 1100 3S&T
softwara will raequira thraa major tasks:

1. Inventoty of exlstin; softwara

2, Claeanup. of salactad axisting COBOL and
FORTRAN softwara

1 Figuras in brackaets indicate the literaturae raefaerances at tha and of this paper,
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3. Radasign of selactaed softwara.

. . Cantars hava compilaed and continua to rafina
inventorjes of axisting SPERRY SiT software,
Ceﬁters arae idantifying candidates for cleanup
and’or redesign using such criteria as: the
anticipataed lifa of tha software; whathaer and in
what time frame tha softwara is to ba off-loadad
from tha SPERRY 11005 frequancy of software usai

and criticality of thae softwara to thae DMA
mission. ' '
The "cleanup™ will conﬁist of five major

activitiaes: basalina dafinition, translation,
restructuring, .validation, and documentation.
Centar personnael and/or contractors may accom-
plish cleanup of softwara. To tha extaent possi-
bla, claanup is to ba accomplishad with automataed
tools rather than manually., Tha ultimate goal of
the cleanup aeffort is that all SPERRY S&T soft-
ware will be structured, frea of
extensions, conform to ANS standards, and docu~
mented &ccording to DOD standards.

Basaline daefinition rafars to compraehaensiva
taesting of softwarae with ratention of rasults for
future comparisqns. '

Translation is daef iad as tha conversion of
existing COBOL or FORTRAN code to ANS COBOL
X3.23, 1974, or ANS FORTRAN X3.9, 1978 (FORTRAN
respectivaly, with thae removal of vendor
extensions. Thae removal of vendor extansions
in no casae rasult in thae loss of function.
Onca the existing SPERRY 1100 softwarae has bean
convarted to the AMS standard, futurae convarsion
to non-SPERRY mainframe or convarsion to thae ANS
subset for minicomputer systems will ba more
easily accomplishad, Translation to ANS Standard
will .rasult in more portabla,
non-vendor-dependent code. DMA does not have a
translator tool to accomplish this task. Manual
translation would ba extraemaely labor-intensive
Thaeraefora, DMA plans to requirae
"aoftwarae radasign/cleanup contractors® to
wrovide such a tool.

is tha changing of nonstruc-
structured code (i.e.. code

Rastructuring
tured coda to

containing only tha following logic structures: .

Saquanca Block, IF-THEN-ELSE, DO UNTIL, DO WHILE,
CASE). Rastructuring raveals thae structurae of an
algorithm so that its aexisting coda may ba main-
tained, modifiaed, or documantead. The
restructuring process does not changae program
logic, and it does not radaesign mepagiatti.®
Howevar, thae structured codae generated by the
structurizaer is more raeadabla than tha original
code and, tharaefora, is mora maintainabla.

e
FORTRAN Automataed Varification
System (FAVS) [8,9) which provides a FORTRAN
structurizer as ona of its major subsystams,
FAVS is currently baing mada ready for production
use via a maintenance contrack with the tool
davalgpar, Ganaral Rasaearch Corporation (GRC).

DMA ouwns a

Similarly, a COBOL Automated varfication Systam
(CAVS) [2]1 1is baeing davaelopad foi DMA. A
raestructuring capability for COBOL is an option
which DMA may exarcisa, :

Tha validation task raefaers to tha duplication
of basaline tasting for claeanaed up softwarae to

“ansura that the procaess did not introducae arrors.

The softwarae documaentation task consists of
both autamatic and manual generation of documan=-
tation.

During. software cleanup, missing or inadae-
quate documaentation will ba augmantaed with both
automatically and manually ganaerated materials.
Automatic ganaration of raports about coda such

. as static analysis (ANS standard violations, flow

vandor

analysis arrors, portability and flow matrics);
complata layout of . all filas; detaileaed
cross-refaerancae of all statamants; and a map of
data usagae in thae COBOL ‘procaedurae division will
ba produced as softwarae is cleaned up/redaesignad.
Thae purpose of the raeports is to assist maintae-
nance programmars in reading and analyzing code .
and in controlling tha impact of program modifi-
cation.

Tha FAVS will providae thae following documan-
tation for FORTRAN codae; invocation summary,
common matricaes, input/output _statemaents, and
cross-rafaerancae of pxternalnvariablos for multi-
ple modulas; and symbol reports, cross-rafarance

. reports, invocation space raeports, and invocation

"showing fiaelds definad,

bands raeports for individual meodulaes [8]. CAVS
(when  availabla) will gaenerate tha following
raports: an indanted. listing ~f COBOL sourcae:
cross-rafaranca of calling and callad ssrograms;
cross-rafarence of program and fila intarnaction:
cross-rafarancaes of program and, co:. r text
instruction showning whare copy twxts are used;
crors-rafarence of program vaersus linkage saction
contants} raports showing wharae all identifiaers
are dafinad, set, and usad; and a cross-raefaerenc.
of identifiaers by raecord position and programs,:
sat ,and used, and whan
and whare idantifiaer namaes diffaer (2],

fiad documantation

.programs. Missing usar documentation is to ba.
‘ written ("manually™) during thae rai,’(;; affort.

88

Centorizidenti-
for application

During the inventory phasas,
availabla

In cases whara contractors parform softwarae radae-

sign, thr contractor will prepara such missing
documants. In casaes whare raquired improvamant
includas snly™ anhancing/praeparing documanta-

tion, in-housa effort will bae usad.

To allow-*ha Centers to solve a variety of
softwarae problams., raedaesign in broadly definad as
any appropriatae combination of the following:

1. Raurite all or portions of the code for
intaeractivity.

2. Radasign of thae usaer interfaca (leavae the

ccda untouched whila creating a naw "front
end™ to improve usar interfaca).

9
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3. Optimization of thosae portions of coda which

" consume the graeataest, resources (basad on

.results of instrumentation and wusa
matrics).

ot |

4. Rewrita portions of the code to increasae

raliability.

5. "Sﬁrap" the existing program and rauritae the

algorithm using thae "structured code" as a

basis for understanding.

5. Approach )

Tha -DMA approach to the softwarae improvemant
aeffort is to'contract for the raedaesign/claeanup of
salactad software. DMA intands to award Basic
Ordering Agreaments (BOAs)
possassing caertain corporate expaeriaencae, parson-
nal expqriaencea, and softwarae tool
accass/axpariaencae. A Raquast for Proposals (RFP)
was tssuad in 1982 for Softwarae Rasdesign/cleanup

and proposal avaluation is in prograess. On a
casae~by-case basis, DMA will issue dalivery
ordars describing tha desiaered raedesign. A firm

fixad-prica contract will be awardad for each
delivary ordar on the basis of taechnical approach
and cost. The contractor may bae tasked with
cleanup only or cleanup. plus desiraed radaesign
activities, Tha contractor is baing raquired to
use automated tools to translated code to ANS
Standard, and raestructure it. New code is to be
rewritten using only structured programming
contructs., In some casas, 0
redasign software that has’ cleanad-up
in-house. -In others, unstructured, untranslated
code wWill be the contractor's input -- aspacially
during the early stagaes of tha effort. Since DMA
is concurrantly attampting to introduce savaeral
tools into thae sofwara daevaelopment environmant,
(a.g .3 FORTRAN precompiler), contractors will
ba required to intarfaca with tham. For axampla,
a contractor writing structurad FORTRAN would be
required to usa those constructs and delimitars
accaptabla to tha DMATRAN pracompilar.

baen

6. MPE Implamantation

Thu'improvement (cleanup and raedesign) of DMA
software will consume a significant amount of

raesourcaes ovaer a paeriod of five yaars. To obtain
maximum raturn from this invesimant, DMA must
takea . actions to ensura that

modi fication/maintaenancae of the
warae does not rasult

improved soft-
in tha introduction of the

daeficiences discussad above. Moraovar, all new
software davaeloped: must ba of thae same (or
highar) quality as tha improved softwarae. Tharae-

fore,

1106 Modern Programming Environmant (MPE). Tha

MPE will includa a centrallzed Production Program

.for
.production programs and documaentation (in human

Library which will be the rapository

and machine readablae form). As each software
;ystem is claaned up and/or radaesigned, it will
be migrated into thae production program library

.assistanca tools.

to all contractors.

at the appropriata Center and will ba placed
under control of thae nawly formed Configuration
GControl Board (CCB).
- .
Tools to support an MPE implaemantation plan
may ba grouped into threae ganaeral cataengriaes:
(1) conversion aids for software, (2) managemant
aids for existing softwarae, and (3) productivity
Three cataegorias of convaersion .
aids ara considaeraed in this plan: static analyz-
ars, pracompilaers, and structuring nnéines. The
FORTRAN Automated Vaerification Systum (FAVS)
provides aach of thaesae tools. FAVS daeficiencas
are curraently being corracted so that the tool
can ba introduced for production use. Similarly,
the CAVS will bae madae available for production
use once it is production-raeady. A COBOL praecom—
pilar which will interface with CAVS is also
available. Thae term praecompiler is usad hara to
rafar to a tool which simplifiaes thae task of
writing structured coda in such languagas as
FORTRAN and COBOL which do not support all of the

" structuraed figuraes.

the contractor will

DMA is concurrantly introducing a SPERRY -

89

Two classaes of tools to managa axisting soft-
wara (whethaer developed in-house or by contrac-
tors) ara baing considaeraed by DMA.

Thae first class of such tools is tha code
auditor to automatically chaeck for adharance to .
Cantar standards [10] for structuring and ANS:
standards. Usa of such a tool would allow DMA to
avoid the more labor-intaensive, and aerror-prona
manual maethods. Howaver, acquisition of a tool
is not anticipated prior to introduction of stan-
dards.

The sacond class of tools baing consideraed
arae configuration control tools which automat-
ically.tréck changaes to software and paermit only
authorized changes to an official version of
softwarae. DMA plans to invaestigate acquisition
of such a tool ﬁo support thae CCB activitias. In
thae intarim a manual systaem is baing implamentad.

DMA has a graat deal of batch-orientad soft-
ware which requires some form of intaeractivity,
Two approaches can ba takaen whaen introducing
intaractivity. A saeparate usaer interfacae can ba
written for each program. A sacond approach is
to provide a dialog manager capability to inter-
face with tha oparating system rather than using
COBOL ‘and FORTRAN to do this interfaca. DMA
plans the saecond approach and has acquired the
SPERRY Display Prccaessing Systam (DPS 1100) which
sgparates the daevaelopmaent and use of predefinad
screans from the application program itsalf.
Centar paersonnal are currantly laearning to use
this tool ’

The third major phasa of implementing DMA's
SPERRY 1100 MPE is tha Introduction of Standards
(which apply to.all mainframe and m1n1computer
softwarae devaelopmant) into tha Caentars.

DMA has issuaed a four-volumae sat, "DMA So¥i-

ware Lifu Cyclae Standards™, which is tutorial in
naturae, takes -into considaeration Center diffar~

92
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"ancas, conforms to DoD Automatad Data Systems
(ADS) documantation standards (DoD 7935) and
raflacts state~of-tha-art ADP =~ softuware
practices. It consists of:t DMA Softwarae Design
and Implaementation Standards Manual (SDISM);
Structured Programming in FORTRAN [14}; Struc-
turaed Programming in COBOL [13); and Structuraed
Walk-Through Guidelinas. Volumes II and III
datail tha simulation of basic structuraed
programming constructs and, thus allow ganaeration
of "structuraed codae™ without the usa of pracom-
pilers. Voluma IV providas genaral guidalinas
for structured walk-throughs for all softwara
lifa cycla phases. Following Cantar raeview, the
standards will be introducaed in a phased mannar.
An additional document, "Software Contracting
.Guidelinas™ is being davaelopaed to assist non-ADP
personnel in contracting for software.

7. Skills Upgrada

Tha third major area addraessed by tha SIP is
the upgrading of the skills of both managars and
softwarae davalopars. Araas of amphasis fTor
managars arae: quality assurance, managing struc-
tured programmin® projects, project managamant
and control, state-of-thae-art awarenass,
tivity assurance, and contracting for softwara.
Managars must undarstand tha concaepts and mathods

produc— .

amployad in an MPE sinca thay diffar from thosa:

of the traditiona% software projacts.

Four araeas of training will ba emphasizad for
softwara devaelopers: (1) SPERRY skills, (2)
state-of-tha-art  awaranass, 3) MPE
introduction, and (%) naw tachnology. As with
managamant training, a variety of mathods (a.g..,

lacturaes, saeminars, laboratory, vidao cassaetta,
- on-site) will be usad. Training topics includa:
tha structurad softwara life cycla, applying
standards; usa of tools (a.g., FAVS, DMATRAN);
designing intaractiva systems; using terminals;
SPERRY raefrashers; data base maintaenancae, quary
laqguage(report ganaerators; structured life

axisting softwara:;
and optimization tachniquas, networking, commu-

nications and graphics.

8. Summary

In summary, DMA i's commmittaed to a fivae-year
Sottwara Improvemaent Program ancompassing thraa
major areas: introduction of a modarn programming
anvironmant, improvamant of aexisting softward,
and upgrading devaelopmant and management skills
to support thae naw aenvironmant. Ganeral policy
includas: adoption/use of structured programming
as a standard, maximizing tha usa of tools to
facilitata software davalopment, complianca with
ANS COBOL and FORTRAHM standards,
astablishmaent/use of a centralized
library, adoption/enforcament of softwarae life
cycla standards, aelimination of multipla varsions

of common sottwara, astablishment/ of quality
assurance groups to ansura adhaeranca to
standards. introduction of a Configuration

Control Board, introduction of intaractivity, and
a phased approach to softwaré cleanup/radaesign in

'

program -

/

which high prio}ity software is cleanad
up/radesigned first,
Succassful implaeamantation will provide thae

following banafits:

1. A competitiva environment in which DMA will
not bae locked into 2 single hardware vendor
bacause of the difficulty/costlinass of
softwarae convarsion.

2. A standard softwarae basa in which production
softwara is ideantifiabla and maintainabla.

3. Standard softwarae developmaent

practices
within and batwaeaen Centers. ‘

i

4, Tools to improva productivity.

5. A modarn environﬁent offaring increased job
satisfaction to softwara davalopers.
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SOFTWARE IMPROVEMENT PROGRAM (Sﬂf):

A

A TREATMENT FOR SOFTWARE SENILITY

Caro\ A. Houtz

Federal Converéion Support Center

Office of Software Development and Information Technology
General Services Administration
5203 Leesburg Pike, Suite 1100
Falls Church, VA 22041

N

.

ADP organxzatxons are plagued with|high maintenance costs, long delaya in

responding to users'

of antiquated, outmoded,

and relatively
thought of as being in an advanced state

condition, which if not corrected, will
useless.
{SIPY, which is a treatment for the ills |

A

chinging needs, and, continued development and maintenance
bsolete software.-
of software senility, a degenerative

ventually render the software totally
A reversal of this sxtuatxon requ:res a Software Improvement Program

This software can be

f software senxlxty, and offers a cure

for many of the software problems from which most ADP organizations are
suffering. A SIP is an incremental and ev lutionary approach to modernizing
software to maximize its value, quality,

simultaneocusly preserving the value of pas
the organization to capitolize on today"s
future technological advances in the field.

efficiency, and effectiveness, while
software investments and enabling

odern ADP technolugy, as well as
This paper describes the SIP

philosophy and presents a strategy f«r meyementxng a dynamic, ongoing SIP

coupled with a sound Software Engxneerxng

Tﬁchnology (SET),

to attack the

causative factors of the ever-grcowing softwire crisis.

Key Words:

Software Engineering Technology

{<ET); software improvement;

Software Improvement Program (SIP); softwarﬁ ~bsolescense; stepwise refinement.

1. N2ed for Software Improvement

Over the past several decades there have
been substantial changes in the automatic data
processing (ADP) industry. There have been
dramatic increases in hardware productiv.ty,
with a significant decrease in the footprint of
the hardware configuration due to its reduced
size, component modularity, and lowered air-
conditioning and electrical consumption.
Simultaneously, total ADP costs have continued
to rise with the largest costs shifting from
hardware to software. -This shift in costs is
primarily due to substantial automatic data
processing equipment (ADPE) price reductions,

~coupled with increased personnel costs for

'software development and maintenance activities.

‘During this. same perLod of hxgh powered,
low-cost, rapidly-advancing ADPE, many ADP
organizations are facing a software crisis.
Software activities are still labor intenmsive,
with little increases in productivity being

realized in software production arnd maintzaance.

Resource utilization has shifted from software

~ .

wveLOpment aciivities to maintenance; with over
alf of all software personnel inveolved in
correcting software errors, modifying software
c0rchange its functions or extend its life, and’
simply keepxng the software operational [l]

Most existing government software is well
over, a decade old, with some as much as twenty
to ‘twenty-five years old. Much of the software
was originally written on second-generation
hardware and operating systems, in machine-
dependent and nonstandard languages, and have
undergone several hardware,‘operatxng system,
and language conversions. Most of this software
was written with little or no utilization of _|
software design, programming, or testing stam-
dards, guidelines, or procedures; required
substantial operator intervention; utilized
sequentially accesscd card and tape input and
output files; and had winimal, inadequate, or in
some cases, a total lack of 1o§umencation.

indicate the
5 at the end of this paper.
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Embedded in this aging software were
home-grown system utility and operating system
features such as sorts, merges, record buffers,
copies, and manual restarts. These features
were included, of necessity, in the software
because most of the features of modern software
package utilities and operating systems, which
we now take for grantﬁd, were not available as
packages or in operating systems of that day.
Many of these home-grown utilities and operating
systéms are no longer supported by the devel-
oping organization or the vendor, nor is there a
readily available and adequate pool of pro-

. grammers for maintenance of this software.

‘been a quick fix for these software problems.

In the past, bigger or more powerful ADPE
configurations, or emulation or simulation has

But increasingly, the hardware fix for the p
software aches and pains has,been found to be j -
fleeting panacea, or' a temporary solution a(t;//l
best; and today's modern systems cannot, ag

- not, support emulation or simulation of qﬁ:
_older programming features and practice?

Coupled with these problems of aging
software, ADP organizations are plagyed with
high maintenance costs, long delays/{n respond—
ing to users' changing needs, and gbntinued
development and operation of antiquated and
underpowered computer software. Productivity
increases for ADP organizations with these
problems are severely limited, if not impossible
to attain, due to the proliferation of archaic
software analysis, design, coding, and testing
features and techniques; low-level and nonstan-
dard languages; machine or environment depen-
dencies; and custom-written utilities.

| S

This antiquated, aging, outmoded, and
realatively obsolete software is in need of -
modernization. While this software cannot be
termed ‘totally ohsolete, because it is still
operational, it can be thought of as being in an
advanced state of software senility. Software
senility is a degenerative condition, which if
not/torrected will eventually render the
software totally useless.

In view of the many and complex, afore-
mentioned software problems, and the emerging |
trend that the software crisis will continue to
grow a1d worsen, a quick fix or single solution
to the problems is not feasible, and a direct
conversion from the problem environment to a
modern- ADPE system and environment is virtually
impossible. To solve these problems and combat
the software crisis, a program must be insti-
tuted to preserve the value of past software
investments as much as possible, and provide an

~incremental and evolutionary approach to modern-

~1is described herein as a treatment for the ill

E ©

Aruitoxt provided by Eic:

RIC

izing ‘the existing software to maximize its
value, quality, effectiveness, and efficiency.,

Such a software improvement program (SIP)

of software senility, and offers a cure for many

of the software problems from which‘today'@ﬁ
B |

government ADP organizations ave suffering.
Institutionalization of a sound software engi-
neering technglogy (SET), coupled with a
dynamic, ongoing SIP, can attack the causative
factors of the software crisis' and provide the
government with v1ab1e, modernized effective,

efficient, and high quality ADP systems, capable
of capitoliz1ng/on today's modern ADP tech-
nology, as well as future technological advances
in the field?

7

Y4
7

Vs Goals of a 'SIP
Va

2.

/There are many goals for a SIP to achieve.
E?ﬁ/mOSt important of them being'to-.
/7 . .
. )mprove software maintenance and
control;

. reduce delays in responding to users'
needs;

. improve software-quality;

". increase programmer productivity;

. 'decrease software maintenance COSES'

. institutionalize processes; -. .

. change software from a reactive to
proactive ‘state;
T

. extend the software and

'siiife;
. put the organization in a position to.
take advantage of new and emerging
technology. ]
However, the end goals of a SIP are not
only to improve software maintenance and
control, but also to achieve as-much isolation
of ‘function and standardization of interfaces

" within the software systems as possxble. The

achievement of these goals 1s attained through-
A

. isolating system functions; . .-

. allowing for interchangeability of
system functibns; and

. facilitating change, of elements within
function. '

Isolating system functions through medu-
larization i 1a natural step ‘towards avoiding
reliance updon one architecture or env1ronment
ses software maintainability and .
ndability. As functions are isolated,
esign plternatives present themselves and
her possibilities of-segmentation emerge.:
isolation of function hglds the key to-
selecting cost-effective and efficient system
alternatives in the future.

Functions should also be interchangeable-
with alternative design realizations to
facilitate functional interfaces. This,
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interchangeability of function, usually achieved extension of conversion projects. Some types of

through the use of reuseable and standardized software xmprovement, such as realxgnlng code
modules of code, ensures an easier change in the angd melementlng namlng conventions, are
-means of performing a function. For example, presently performed concurrently with such
exchanging a called module that accesses a tape everyday tasks as software modification or main-
file for a called module that accesses a disk .tenance, or for conversion from one computer
data set. ' confxguratlon to another. However, these
improvements are traditionally performed on a
Facilitating the change of elements within random, piecemeal basis, without structure or
functions refers to the software's portability overall software or organizational considera-
and maintainability. Better portability and . tions.
_easier maxntaxnabxllty through the use of
s1ng1e function, standardized, and reuseable Such improvement decisions are usually made
modules of code 15 pardmount to achieving the by the individual programmer without the benefit
goals of a SIP. Easier changeabxlxty of the of managerial input. This bottom-up, piecemeal
software and its functions, incréases and i approach to software improvement is unstruc-
ensures more efficient use of the key-data tured, and usually results in amunsuccessful
processing resources, especially people and attempt to cohesively improve the ugrent
machines. Standardizing, modular121ng, para- software and acquire and use modern tools and
meterizing, and documenting the spftware are techniques. ' ) \\\
several techniques that aid in fat111tat1ng ‘the .. .
change of elements within functions. In contrast to the traditional, single-
: ’ ) purpose software improvement approach, the
Improving. the software's quality (i.e/, modern software improvement approach, as
‘making the software better), is.probably the. described hereinafter, actually serves multiple
best available means of achieving the SIP's / purposes. Under the modern software improvement
goals. Software quality is a measure of its approach, ‘improvements are not performed to meet -
excellence, worth, or value against some ideal only a single need or objective, but rather to
or standard. Akthough quality is an ill-defined accomplish several objectives and reconcile
term, there are many specific properties, or multiple problem areas. Also, the decisions as
attributes, by which it can be defined or - . to when software improvement is needed and what
measured [2]. Fxgure 1 illustrates a proposed . types of improvements are needed aré not left to
hierarchy of the major software quality attri- the individual programmer or analyst, and -the
butes and their subordinate attributes. Although improvements are not performed in a casual
the subattributes are listed under only one - manner. Rathex, these decisions and the improve-
major attribute, it must be stressed that ment performance are institutionalized as a
several of them could conceivably be listed formal process to which all programmers and
under more than one major attribute. For the analysts must adhere.
sake of clarity and to minimize misunder- ) :
standings, each subattribute has been listed While the software improvement concept may
only once, under the major attribute with which not be new,, ‘the software 1mprovement approach to
___it—ismostOften associated. building or improving systems, is innovative and
. : . ‘ more sophisticated  than the conventional aad
It must be noted that it is rarely possible more simplistic software life-cycle approach.
for all software quality attributes or subattri- The software improvement approach to building
butes to be implemented.- It is first necessary and imprdving systems {1] is bu11t on the key
to define the SIP's goals, and then the improve- . assumptléns that-
ment objectives for each individual software . :
application. Appropriate tradeoff decisions must - . most major ADP organizations have a
then be made among the various quality attri- ' decade or more of investment in soft-
butes and subattributes, and the goals and o ware; S
objectives to be achieved. For example, some - S
processing efficiency may have to be sacrificed . most 'Federal organizations are aimost
to. achieve more maintainability, and vice versa. entirely dependent on their software to
- . : méetltheir mission;

3. Description of a SIP .
mo > . keeping software operational is diffi-

A SIP can be thought of as a.preventive cult enough without deviating from that
malntenance program for software. Like ADPE - baseline of software to add enhancements
preventive maintenance, software must also be or change functions through major
periodically and systematically cleaned-up, redesign or new development, which is
fine-tuned, optimized, and enhanced to keep it ’ thought to be an uncertain and rxsky
in working order and capable of fulfilling its’ C " business; and

‘current and future requirements.
' . there is a need to support new appli-

The concept of software improvement is not cations to keep ADP costs low and
new, rather-it is an outgrowth of normal service levels high.
day-to-day software maintenance projects and an
. —
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The software improvement approach to
improving existing systems, or building new
systems from existing software, is different
from the conventional system development
approach in that it recognizes-

. the existence and characteristics of the
current systems that support day-to-day
operations;’

. the existence of other operational -
systems that may be integrated to
replace functions in an existing
system;

. the inherent problems in engineering rew

code in any quantity;

. that existing systems are freguently the
only specification of’ existing
processes;

. the need to preserve the testing
integrity of the current system while
moving to a new or improved system;

. that many faults or deficiencies in an
existing system can be accurately and
cost-effectively corrected by improving
it; . -

. the need for an orderly, incremental
approach to the building or improving of
a system that allows for adequate
testing, manageable pieces, constant
achievement and growth, and progress
feedback; )

the need for a useable version of the
new or improved system at each stage of
| development or improvement, allowing for
i rapid capitalization upon the new system
and its components; and

. the virtual impossibility of completely

i re-engineering or redeveloping very
large systems within a reasonable time
frame [3].

i
!
‘The universe of software, from which a

desired application can be built or improved on,
can be conceived as a triangle, as illustrated

VLn ELgure 2.

-: At the apex of the triangle is all of the

“goftware that currently exists” in production
today This software performs the functions
that the organization needs to conduct its
day-to-daj business. Because this software’ is
already working and tested, it has an intrinsic
value to the organization and represents the
vested interest an organization has in its own
software applications. Existing software is
u5ua11y salvaged, transferred, and anorporated
into a new or improved system by purging.any
undesirable or unnecessary software, leaving
some of the software as it is, and improving the
remaxnxng software through conversion, refine-

i
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ment, and enhancement activities. While it is

typically the easiest and most accurate to test
and the least costly to produce, this software

is often the most expensive code to maintain

_because it is usually undocumented and buxlt in

a "patchwork" fashion.

At the bottom left-hand corner of the
triangle is "other operational software that
exists" in other organizations. This external
software represents the software packages
available from industry or other ADP organiza-
tions. While this software may suffer from some
deficiencies, it may be modified to fit the
organization's needs. Also, many software
packages are highly maintainable, well
documented, and quite portable, and may not
require extensive, if any, modification.
External software is usually incorporated into a
system by replacing existing code with an
existing package. This software is typically
somewhere between existing and new software in
cost, accuracy, and maintainability, depending
on the package's functions and its level of
sophxstxcatxon. '

Finally, at the- bottom right-hand corner is
"new software," which does not yet- exist and "
must therefore be engineered. While this code
is typically the easiest to maintain because it
is state-of-the-art and newly documented, in
terms' of accuracy it is normally the most
difficult to engineer and the most risky to
undertake because there is no existing baseline
from which to test or measure. Lt is also the
most costly to produce because it must be
engineered from "scratch." This software should
be incorporated into a system as a last resort,
if transfer of the existing software or replace-
ment with a package is not feasible. Neverthe-
less, any new software should be engineered

using modern programming practices to ensure
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software that is well documented; fits the
application better; is easy to support, read,
understand, modify, and enhance; and is less
expensive and time consuming to maintain.

The software improvement approach to
improving an existing system or constructing a
new one, thus is one of-

. determining on a case-by-case basis, the
source (e.g., existing internal soft- '
ware, existing external software
package, or new software) of the
software or software subpiece;

. determining the actions required to
modify and/or implement the software
(e.g., purge the software from the
system; salvage the current software by
leaving it.alone and moving it as it is;
salvage the current software by

* improving it through conversion,
refinement, and/or enhancement; replace
the current software with an external
software package; or redesign/newly
develop the software);

Ve
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. assessing the software's source and
actions required against the costs,
benefits, and ‘risks of each; and, then

. developing a strategy or plan for the
software's purge, transfer, improvement,
integration, and/or redesign/new
development into the improved or newly
constructed system.

In summary, four basic advantages of the
software improvement approach to improving or
building a system over the conventional system
development approach are that it-

. minimizes uncertainty and risk by
maximizing the utilization of testable
components; h

. preserves the value of past software
investment as much as possible and
avoids the dangers of failure inherent
in the “tear-it-down-and-start-anew"
approach;

. enables the project to be broken into
small, manageable pieces with an
- A
operational system at each phase; and

. is iterative in nature, which allows for
the tasks performed to be repeated in an
orderly, incremental fashion with
constant achievement, growth, and
feedback, until the overall objectives
of the project are met.

4, 'Stepwise Re finement

Because of the large amount of softwzre
that exists in most ADP organizations, most
software can't be improved in one ''lump sum."
Thus, the software must be divided into smaller,
more manageable increments, that progress
through the software improvement process as a
work unit. Increments can be based on system,
subsystem, or project boundaries, or by func-
tional areas (e.g., input, edit, file update,
report generation, or error handling). The key
is to subdivide the software minimizing the
interfaces between the groups. The absense, or
minimization, of increment interfaces makes the
improvements for each increment: more indepen-
dent, and allows the concurrent improvement of
several increments at a time.

. Also, because of the vast differences that
may exist between the current and desired
software environments, most needed improvements
can't be accomplished in one '"quantum leap."
Thus, the improvements for each increment are
accomplished in multiple steps or releases [3]
of logically related sets of improvement
activities that are performed at one time.
‘Improvemencs are normally subdiyided by activity
type into the three basic releases of conver-
sion, refinement, and enhancement as depicted in
Figure 3. ’
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As illustrated in Figuvre 3, the software
improvement. activities uni- . these three
releases range from siww’+ +yyrslation of code
to complete re—enginmir . .2 of :xisting systems.

The software improvemaat . : v.ties flow from
one release to the fc~a, ~‘wi-, there is no
“clear cut" dividing © - ' 20 each release,
and some -functional ... ' ¢ .. :nevitable.

The decisions as to it - ier of releases
necessary to improve each ;- nt, and the
improvement activities to’be v/ ormed in each
release, are dependent orn the nize of the”
increment,.overall number and type of improve-
ments required, and priority wf the improve-
ments. Improvement activitivs can be combined
into one large release, or frrther subdivided
into multiple mini-releasrs i+ illustrated in
Figure 4. Figure &4 also il. ‘“rates the stepwise
refinement approach to upgradaug and modernizing
the software, with continual advancement and the
opportunity betieen each stp to reevaluate the
SIP plans® and results, and to introduce changes
as necessary.

Software improvement conversion activities
transform the software, without functional
change, standardizing it and making it environ-
ment independent. Without standardization and-
independence, the next two releases, refinement
and enhancement, would be extremely difficult,
if not impossibIe, to accomplish. Standardized
software, that is as independent as possible,
lends itself to manipulation by automated méans
and proceduralized processes, and facilitates
flexibility for future requirements (e.g.,
moving to,a new envirogment). -

Software improvement refinement activities
modernize the software to a state-of-the-art
status and improve software maintainability and
programmer productivity. Refinement "is a
prerequisite for software enhancement to ensure
enhancements are not being made to unmaintain-
able software with obsolete coding features
(e.g., EXAMINE or ALTER statements in COBOL), or
outdated or incorrect functional requirements.

Software improvement enhancement activities
optimize the value, quality, efficiency, and
effectiveness of the software enabling easier
technical- redesigns, easier addition of modern
"technological" features and capabilities; and
more efficient and effective use of resources.
Without enhancement, the standardized and
modernized software may still not function
efficiently or effectively, or fulfill the '
user's desired requirements.- ‘L;

Improvement activities do not have to be

‘subdivided into these three basic releases or

follow the suggested release flow. They can be
combined into one large release, or further

subdivided into multiple mini-releases. The

decisions as to the number of releases necessary '
to improve each increment, and the improvement
activities to be performed in each release, are
dependent on the size of .the increment, overall

10;
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number and'type of improvements required, and

‘priority of the improvements.

: 5. Major Benefits of a SIP

The tasks required during the software
improvement process encompass a broad range of
activities, and 'at a minimum include-

. vperforming a software inventory and °
analysis; '

L developing SIP plan(sj;

- establishing engineer;ng eleménts;
. preparing work packages;
. preparing test data sets;

. developing software improvement release
specifications; '

. 1improving the software;

. unit and system testing the improved
software;

. 'documenting the software;

. acceptance testing the improved soft-
ware; and

. transitioning the improved software into

production.

From this list of tasks, it is clear that a
SIP is labor, management, machine-resource, and,
possibly, deadline intensive. However, in spite
of the problems that wi inevitably arise, a
SIP can be successfully engineered and prove
highly beneficial to the organization.

".".—‘ ‘

The advantage of utilizing state-of-the-art
technological advances, such as teleprocessing,
data base management systems (DBMS), and mass
storage, is one such benefit. Also, a SIP
provides the capability to use this modern
qéchno ogy without being "locked in'" to archi-
tectur r environmental dependencies.

Another benefit is the potential for more
efficient and effective programmer productivity.

Existing software, after improvement, can be

maintained much more efficiently and the
programmer's span of control should be greatly
increased. That is, after spftware improvement,
a programmer can maintain significantly more
lines of code or system functions due to the,
increased maintainability and understandability
of the improved software. The. result is
increased availability of an organization's most
scarce resource -- skilled programmers. A SIP
more efficiently uses key resources, both people
and machines. More readily available junior
personnel can be used for both new development
and maintenance, with improved productivity,
lower risk, and less training. The mure senior

-personnel can be used for more advanced tasks

such as systems design or analysis, or tool
evaluation and selection.

Additionally, the incorporation of a
Software Engineering Techrology (SET), con-
sisting of a synchronized set of softwaré
standards and guidelines, procedures, tools,
quality assurance, and training implemented
through and coupled with a dynamic, ongoing SIP,
simplifies the learning required of programmers
and analysts. The simplified learning enables
the institutionalization of a single training
program for a common methodology and consoli-
dated goals and objectives.

More efficient use of the ADPE is also

"possible because the state-of-the-art ADPE will

not simply emulate obsolete or out-of-date
functiors. Rather, it will perform the techno=
logically advanced activities for which it was
designed.

Many-additional -benefits can be achieved
with a thorough, comprehensive, and well-
planned, -analyzed, and -managed"SIP. Some of
these include-

. improved user service levels;

. more flexibility for future require-
. ments; -

-. the capability for automatic ddqumenta-
.tion and/or code generation;

. enhanced error recovery, system
debugging, testing, data integrity, and
security features; '

(i.e.,
pogtability,

. lincreased software qualti
reliability, efficiency,
and/or maintainability);

. improved quality of software end-
" products (e.g., reports, statistics, and -
programs); and

. a synchronized, formalized, and. tested
SET for the SIP.

6. SIP and SET. Interrelationship
As previously discussed, the SIP works _
closely, and in tandem with a SET. A SET, as -
depicted in Figure 5, consists of a synchronized
group of five equally important software
engineering elements:

. standards and guidelines;

. procedures; ’

. tools; . .

. quality assurance (QA); and
. training.

These five software engineering elements

direct and control all software activities
throughout the software's life cycle [4)< and
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for different software engineering or
re-engineering purposes {e.g., software develop-:
ment, maintenance, improvement, conversion, or
redesign). Thus, the SET addresses, on an

or tion-wide basis, the software engi-
neering methods, metrics, and latest controls
for managing an installation's software activ-
ities, while the SIP addresses the upgrading of
the existing software (i.e., programs, modules,
job streams,, files, and documentation) with
regard to the SET baseline.

The same five engineering elements of a SET
are required, in a $pecialized sense, for a SIP.
The establishment of these.five engineering
elements as a formalized SET. is paramount to the
successful implementation of a SIP. Improvement
and installation standards, guidelines;.and

" procedures are required to standardize the

software activities and the software, so they
can be measured, controlled, and improved.
Specialized merovement tools are both necessary
and desirable to increase programmer produc-
tivity, enforce systemization, and improve
controls. QA is“required to quantitatively prove
that the SIP is a viable and worthwhile effort,
ensure that the improvements made actually
resolve-the problems, identify and measure the
resultant improvements and benefits, and.control
and enforce the quality of the software and the
improvement performance. Finally, training and
retraining are also necessary, for without them
successful accomplishment of the SIP would be
next to impossible and the improved software and

-methodologies would quickly degrade.

.or influencing effect on the .other.

The establishment of a SIP and a SET are
separate, but interrelated and coordinated
processes. Each can be established indepen-
dently of the other, but each has a controlling
That is,
the standards and guidelines, procedures, tools,
QA, and training established for the installa-
tion as a SET, define-the framework for, and
provide a baseline from which, the SIP can
operate. In this sense, the SIP cannot, for

" example ,”set standards that oppose those

Lnstxtuted ‘in the SET, or use tools that
conflict with the tool's technology chosen for
the organfzation and established in the SET.

Conversely, standards and guidelines,
procedures, tools, QA, and training, when estab-
lished in a, SIP, limit the choices,of the SET.
For example, the SET cannot institute software
or installation standards-different from those
just implemented by a SIP, or maintained aud
enforced by the improvement tools. If either
the SIP or SET institute engineering elements
without considering the organizational impact,
or short- and long-term consequences, the

- resulting software and engineering activities

E ©
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wxll, at best, be chaotic and consist of a
"patchwork" of styles, structure, and standards.

" A SIP and a SET should be established

together, one complémenting the other. This
double-barreled approach to resolving software
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problems can be thought of as a Software and
Technology Modernization Program (STMP). Figure
6 illustrates a typical interrelationship of the
SIP and SET as integral parts of a STMP.

. Implementing a STMP thus becomes an effort to-

identify needed program-unique or
organization-wide engineering elements

. (i.e., standards and guidelines, proce-
dures, tools, QA mechanisms, and
training);

consider long-term software activities’
~and .consequences (e.g., ADPE and
software compatibility, the upward
compatibility of software changes, and
technological advancements), and analyze
the full spectrum of impact (e.g., - '
‘across engineering activities, or
between projects),“before-adopting any
specific standards, procedures, etc.;
\
~. 1lsolate the program-unique engineering
elements for the SIP from the
organization-wide engineering elements
for the SET;

s adopt and institute as part of the SIP,
the program-unique engineering elements;.
and { .

adopt and institute as part of the SET,
the organization-wide engineering
elements.

R}

7. Synosis of a SIP

A synopsis of the six key prxncxples of a
SIP ardg
Evolutionary Growth: That is, build on
your past software investment as much as
- possible'by purging some of the soft-
ware, leaving some of it alone,
replacing some software with packages,
improving most of the software, and
redesigning or newly developing only
_ that which is absolutely necessary.

Incremental Improvement: Minimize the
risk of failure and make the SIP more
manageable by grouping the software,
through functional decomposition, into
smaller, logical subpxeces with minimal
Lnterfaces

¥
Top-Down Planning with Bottom-Up Lnput:
Plan in a hierarchical manner, from a
general, overall SIP‘:level, progressing
to more specific, increment levels.
Allow for continual feedback, analysis,
and evaluation of improvement plans,
results, and methodologies.

SIP Pilot Project: Protdtype the
improvements, engxneerxng elements, and
methodologies on a small scale to
empirically demonstrate the feasibility
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‘and success of the improvements, method-
ologies, and.plans; and to help solvey
early in the SIP life cycle, any
technical problems that may occur.

Release Specifications: Subdivide the
improvements required for each increment
_into logically related sets of improve-
ment activities that can be performed at
one time (e.g., conversion, refinement,
and enhancement). Develop release
specifications which direct and control
the improvements to be performed for
each release of an increment. Be sure to
include in the specifications the
specific improvements required for each
individual system, subsystem, program,
module, job stream, and/or file in the
increment, as well as the required
deliverables, standards of per formance,
and acceptance criteria.

!
Engineering Element's (SET): Establish
within the SIP,|or.as a baseline SET,
formalized engxneerxng elements (i.e.
standards and guxdelxnes, procedures,
tools, QA, and tralnlng) to be imple-
mented, employed, and enforced by the
SIP. _
. N
While the SIP guidelines presented here may
not seem to be "earthshaking," they are a'less
risky, more formalized means of modernxzxng ‘the
organization's information processing, and have
been found to be "tried-and-true." The use of
these SIP guidelines is strongly encouraged,®and
in concert with a strong SET, will promote more
uniform, thorough, cost-effective, and efficient
software and software engineering activities.

8. .SIP Case -Studies

- The most successful organizations have
recognized that their software is a key asset,
which must be developed, managed, controlled,
and maintained thh as much care and attention
as their other 1mportant assets. That is why

"these organizations have invested, or are

1nvest1ng, significant resqurces into SIP' s,
using principles similar tS\those described

A
N

The experiences of these.organizations
should not be consxdered unique. The concept of
a SIP is indéed a valid alternative to the two
traditional choices of "don't-touch-it-or-it-
will-fall-apart" and "tear-it-down-and-start-
anew." Unless the functions are changing,

substantial redesigns may not be necessary, and .

a SIP may solve immediate, as well as long-range
ADP problems. It is an alternative with
principles and procedures applicable to most
government agencxes, and must be given serious
cotisideration.

) Several organizations have successfully
established and undertaken SIP's. Somé examples
of these organizations are the Office of

v

Personnel Management (OPM) in Washington, DC;
Raytheon Service Company in Boston, MA; NCR
Corporation in San Diego County, CA; and the San
Diego County Department of Education in San
Diego, CA.

i -

’ Several years ago, OPM undertook a SIP with
gratifying results. Many of its ADP systems
were developed in Assembler language for an RCA

Spectra 70/45, and when converted to COBOL,

still reflected the second generation logic of
the earlier-Assembler:code. OPM decided to adopt

~a controlled system improvement approach,

migrating in-steps from a second to third
generation system. The décision-was. also made_ to
convert the Assembler code to ANSI COBOL to "““*"u:ﬁm

. simplify maintenance and. enhance portability

considerations [5]. . A

Similarly, in the late seventies and early
eighties, Raytheon uhdertook a SIP with the
primary objective of developing, implementing,
and perfecting a Yeuseable_sode methodology for
accelerating applications development. By using
reuseable code, 40 to 60 percent of the redun-
dancy in their business applications development
was elxmxnated, and maintenance was substan-
tially improved [6] .o

In late 1976, the NCR Corporatlon undertook
a large scale Quality Improvement Program (QIP) -
for a major set of systems software for over 103
separate products.’ This software set included
operating systems; compilers,. peripheral - i
software, data utxlxtles, 'and telecommunications

" handlers, and totaled over 1.3 million lines of

105

source code. The QIP was initiated to provide
improvements in the software base and to take
advantage of recent advances in'the state-6f-

‘the-art of software engineering. NCR found

several major favorable effects resulting from
the QIP, such as a substantial reduction in <~
outstanding problems in the software base, a
reduction’ in the average number: of error reports
per month, total elimination of problem back-
logs, and a significant reduction in late
responses to problem reports. All of these
improvements dre reflected in an improved
perception of the quality of the software, and
allowed NCR to make a very substantial redirec-
tion in funds from support’ of \existing products
to the development of new ones L%] .
Finally, the San Diego County.Dgpartment of
Education's ADP data'center cut its maintenance
time by 70 percent as a result of a SIP. This
startling reduction in the data center's
program-maintenance load has resulted primarily
from the decision to adopt and convert to
structured design and programming technxques,
with ongoing and formalized ADP training in .
tHese same areas. While the primary emphasis in .

.this:effort was on redesigning and replacing the

existing systems, rather than salvaging the
existing systems, the six key principles of a
SIP were basically adhered to [7]

: 1_()53.
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Besides the organizations that have
established and undertaken successful SIP's,
several Fe§era1'organizati9ns are currently in

the initial steps of establishing SIP's.
Several of these organizations include the

Social Security Administration-(SSA) in Balti-
more, MD; Veterans Administration's (VA) Data
Processing Center (DPC) in Austin, TX; and
Defense Mapping Agency (DMA) in Washington§ DC.

The SIP being established by the'SSA is a
key example where the two traditional alterna-
tives are infeasible. '§SA is in the process of
transitioning its more than 16,689 computer
programs, containing over 11 million lines of
codé, from a Weurvival” mode to a state-of-the-
art envirooment. To leave the systems alone
will oaly result in further ADP system deter-
ioration and seriously jeopardize the agency's
ability to perform its basic mission. Con-
versely, to redesign all software would be
extremely risky, require maximum reinvestment of

~a

resources, and require more time than SSA has to .

survive the current crisis. Thus, the key is an
incremental, evolutionary im}rovement approach,
aimed at a recovery of SSA's heavy investment' in
its software, and the ability to take -advantage
of new ADP technological advances [8]. )

The VA's Austin DPC is another example®
where top management has recognized that the
efficiency and effectiveness of their mission is
a function of their software. The Austin DPC
has over three million lines of code of applica-
tion software. Like software in most government

-agencies and industry, this software was not

developed overnight; rather it has evolved over
many years, with layer upon layer of modifica-
tion making it even more complex, unmangeable,
and unmaintainable. Together with a hardware-
upgrade and, SET initiative, the Austin DPC is
initiating a SIP to cut escalating ADP costs,
improve the quality of service to the veteran,
and better support far-reaching management
decisions [9].

© The DMA is currently in the initial stageg
af a five-year program to upgrade its software

.and modernize it software production practices.

The ultimate objectives of this SIP are to
increase productivity, improve software quality,

and standardize software development practices.— -

DMA's SIP encompasses the three major areas of
introducing of a modern programming environment,
improving existing software, and upgrading = |
deve lopment and management skills to supporf the
new environment [10]. '

Several more organizations establishing
S1P's are Tupperware in Orlando, FL; Ford
Aerospace and Communications Corporation in
Sunnyvale, CA; and New Jersey State Government.

From the preceeding discussion, it should

- be clear that organizations who can .no longer

afford outdated and inefficient information-
processing, want to combat the software crisis,
want to stop "software "senility" in its tracks,

o
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and, on the whole, need to modernize their
software and software engineering_technolégies'
muSt'éstablish a SIP. A commitment to undertake’
a SIP begins with top'management, progresses ‘
through the ADP organization, and, ultimately,
ends with the user. Top management commitment
to the SIP is a major factor for i;s success,
and manifests itself in three forms:

. ’
First, top management must acknowledge
that a software problem really exists,
and resolve to correct it.

Second, top management must be willing
to "put their money where their mouth

{s." "That is, they must not offer only ~

Mlip service," but be willing to devote
the resources necessary to implement the
SIP. Resources include people, dollars,
time, ADPE, tools, and other miscella-
neous supplies and materidls. °

0 / .
Third, top management must actively )
support the SIP and ADP organization by
helping to advertise the SIP goals,
objectives, benefits, and achievements,
and by gaining user involvement and
support..

There are three documents currently
published on the subject of software improvement
that may be of further interest to organizations
contemplating a SIP.-  These documents are listed
in the references [1, 11, 12] and contain more

- detailed.information on the need for software °

improvement, “planning and implementing a SIP,

and the actual software improvement process.

'
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1. Introduction
' Many majo

invested in their applica
organizations they suppor
pendent upon its:oper
in that its logic is
supports the organiza

tions software and the

ation. The software "works"
basically correct and it
tion's mission. In most
centers, merely keeping the software operational
js such a difficult task that any change to the
baseline, either to enhance or add functions, is
reasonably perceived as both risky and expensive.
However, the software must be jmproved to keep
ADP costs low and service reliable.
provement is the process -of modernizing software
by retaining its fundamental logic while upgrad-
ing its reliability, economy, and flexibility.
The goal of improvement js to posture software to
take advantage of new technology.

The software improvement approach differs
traditional system development because soft-
improyementlrecognizes

from
ware

0 the fact that current systems "work";
the substantial jnvestment in current
systems; ‘ -
the technical and informational properties
of current systems; .
the interchangeability of some of .these

~ properties with functions of other systems;
the risks in developing new programs in any
but trivial quantities;
the only specifications
systems are the systems
the desirability for an
process; . . _
the need for a usabTe system at every stage
of improvement, and
the cost and technical difficulties of re-
engineering a large system within a reason-
able time frame. ) :

for many existing
themselves;

orderly improvemen

0
0
0
0
0
0 t
0

0.

or ADP centers have a decade or more

t are almost totally de-

Software im-.

the following factors:

1489 Chain Bridge Road

rginia 22101

The combination and interaction of the above
factors suggest -that_most organizations with
substantial ‘investments in software should improve .-
their software incrementally and not redevelop the
total system. Some §pftware“is'50'old”and S0
patched that it can't be improved. However, where
software improvement is possible it has the follow-
ing advantages:

1. minimizes risk by retaining an operable
baseline;

2. preserves value of st software investment;

3. upgrades in small, manageable, and testable

. elements; and ’

4. progresses by jteratively enhancing the

existing baseline.

Organizatioris with large software investments.
Jike the Federal Government, are underwriting am-
jtious programs of software jmprovement. For in-
stance, the Social Security Administration, the
Defense Mapping Agency and Veterans Administration
have all initiated large software improvement pro-
grams to modernize their computer software inciud-
ing its features, capabilities, and engineering
practices. Also the General Services Administra- -
tion Office of Software Development has initiated
a government-wide software improvement program to
upgrade software systems across the'Federal
Government. - ' -
Process in_the Federal Government GSA -Report No.
05D-81-102. )

Normalization is the jnitial and most fund- -
amental technical process in achieving software
improvement. It is the process of standardizing
existing systems thus making them maintainable,
enhanceable and portable as well as posturing them
to take advantage of new technology. After a
system is normalized, it can be more easily re-
fined and optimized, new functions can be added in

\ .
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a predlctable manner, and economies can be real-
ized.

This paper defines normalization by: (1)
demonstrating how it improves a typical applica-
tions capability (our example will show a COBOL
application that utilizes both a Teleprocessing
Monitor(TP) and a Data Base Management System
(DBMS)), (2) describing how it can be automated,
and (3) prov1d1ng two examples in which 1t has
been used to improve software. ‘ B

2. Normalization: A Definition -~

Normalization is the process of 1mprov1ng

‘software by making it:

0

0

s

enhanceable

portable.

" Enhanceable software can be economically im-
proved either by adding new functions or by re-
fining and optimizing current functions. Main-
tainable software can be quickly and religbly
fixed when it breaks or can be modified when
changes are requested. Portable software tan be
moved from one- computing enfvironment to andther
to take advantage of the technological economies
and advancements of new hardware or software.
Normalization improves these attributes of exist-
ing software. .

Exhibit 1 outlines a typical COBOL system

maintainable; and ‘ .

—

before it has been improved through normalization.

The applications software is intertwined with the
supporting environment, as well as knotted-with

* extensions to a vendor's COBOL, with interfaces
to a DBMS and to TP. :

BEFORE NORMALIZATION

PROGRAM MUST
HAVE KNOWLEOGE
OF SYSTEM

CODE WITH
VENDOR ¢ 4
EXTENSION

VENOORS
COMPILER

PACKAGE .
SPECIFIC € >
TP CALL I

TP PACKAGE

PACKAGE
SPECIFIC € >
OBMS CALL .

OBMS
PACKAGE

CoBOL
APPLICATION
PROGRAM

SYSTEM

Exhibit 1. Typical COBOL On-Line System

Before Normalization

109

-these packages throughout the code.

The applications software must "know" the
characteristics of the DBMS, the TP, and the
operations control language (OCL) peculiar to the
computing environment. The program syntax has
extensions that fréquently are inconsistent with’
ANS standards. Program semantics use data in
ways peculiar to the source vendor's architecture.
Program logic is linked to the DBMS, the TP and.
the operating systems by imbedding "knowledge" of
As a result,
any significant change in either the code or the
packages has a profound impact upon the other.

The problems of maintaining and enhancing such a
system are significant. .

Exhibit 2 depicts a normalized capability in
which the knots have been untied and the applica-
tions "freed" from the host system through stand-.
ardization -and information "hiding."  The program.
syntax:has been normalized into ANS approved con- -
structs and the semantics normalized so the pro-
grams will produce the same results if they are
executed on other vendors computers. The know-
ledge of the DBMS, the TP, and the operating.
system has been separated from the application
logic and embedded in bridge programs. This means
the applicaticn programs can be changed without
impacting the system, and that the DBMS or TP can
be changed without a]ter1ng the program s logic.
The interface knowledge is "hidden" in the bridge
programs. There is some processing overhead in-
volved in hiding the information. - The cost bene- -
fits come from reductions in software. costs.
Normalization trades improvement in software
quality for extra computer cycles.

AFTER NORMALIZATION

PROGRAM FREED SYSTEM XNOWLEOGE

OF SYSTEM IN BRIOGE
KNOWL EOGE PROGRAM
|
ANS STANDARD | &—4—4—> | ANS APPROVEO |« :
COBOL COOE COMPILER :
! i
\ | !
] GENERIC TP |et——3|TP BRIDGE | .
CALL |~ {ProGRAM i
. i
| o
GENERIC OBMS|<——+—0BMS o N/
CALLS BRIOGE R
| |PrOGRAM ;
1
|

CoBOL
APPLICATION
PROGRAM

SYSTEM

Typical COBOL On-Line
Capability After Normalization

Exhibit 2.

Exhibit 3 outlines a total picture of how
normalization improves applications software.
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The system has been made more enhanceable, main-
‘tainable, and portable as a result of normaliza-
tion. -The software has been improved while pre-
- serving the legacy and investment in the appli-
: cations logic. This improvement was managed with-
" out redevelopment. Thus, the risks of developing
new code were avoided; the costs and technical
difficulties of engineering a new system were
obviated; and the investment in the current system
was preserved. The following sections will des-
cribe how to normalize a system and will offer
two examples of a successful normalization.
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Exhibit 3. Comparison of a System Before

and After Normalizing

3. Normalization: The Process

To improve a software applications system, .
each system element should be normalized. This
may include upgrading the programs, DBMS, TP Mon-
jtor, Operating System and documentation as shown-
in Exhibit 4. The basic program logic will not

PROGRAMS
0 Syntax
0 Semantics . -
DATA BASE 'HANAGEHENT SYSTEM
b Program Calls
0 Data Schema
0 Data
TELEPROCESSING MONITOR
0 .Proqram Calls
0 Message Handling
- 0 Screen Format:
QPERATING CONTROL LANGUAGE
0 utilities
0 0CL
DOCUMENTATION

0 Automated Program Documentation

Exhibit 4.' Software Elements That Must
Be Normalized :

be changed; the software foundation will.” The
programs must be normalized both in terms of their
syntax and semantics. This entails translating
non-ANS statements into ANS and normalizing the
use of data. The DBMS must be normalized in terms
of program calls and interfaces, data schema, and .
data representation. This entails standardizing
the interface between the program's logic and the
system's handling of data. The TP monitor must be

 normalized in terms of program calls and inter-

faces, message handling capabilities, and screen
formats. This entails standardizing the interface
between the program's logic and the system's hand-
ling of transactions. The operating control lang-
uage must be normalized in terms of standardized
utilities and job streams. This entails standard-
izing the interface between the program's logic '
and the operating system, The program documenta-
tion must be normalized in terms of applying a
standardized and automated documentation tool

that will keep it accurate and current, .

To address ecch system element, three tasks
must be completed. These tasks, outlined in
Exhibit 5, are: Evaluation, Translation, and
Verification and Validation. Each must be com-
g]eted using each system element shown in Exhibit

EVALUATION

0 identify each change to each eiement

0 summarize and analyze these changes

TRANSLATION
0 make each needed change

0 {incorporate change into system

VERIFY AND VALIDATE
0 test translated system

0 certify functional equivalence

Tasks That Must Be Accomplished

to Normalize a System.

Exhibit 5.

Evaluation (EVAL) identifies
changes to each software element
which each change must be made. EVAL also summar-
izes these changes and performs an analysis on the
summary. This analysis provides a quantitative
picture of the difficulty of normalization and
provides statistics on which to base the schedule
and cost of the Subsequent tasks. Exhibit 6 shows
how an automated evaluation technology parses the
system e]ements,'identifies each change, and
summarizes the changes. :

the.individual
and the manner in
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Exhibit 6. Automated Software Evaluation

Translation(TRAN) makes each change identi-
fied in the evaluation and incorporates these
changes into the system. The translator(s) must
change the programs, DBMS, TP, OCL, and document-
Thus there is a specific TRAN tool for
each of these elements. TRAN changes the programs
into ANS COBOL and ngrma]izes their use of data;
builds DBMS bridge pro
and translates data in{o the new models and repre-
sentations; builds TP §§£een formats and stand-
ardized interfaces; builds new OCL streams; and
generates new documentation.

Validation and Verification(V&V) tests each
change and validates that the normalized system
is the functional equivalent of the pre-norma’ized
system. V&V testing includes both unit level and
system level testing and verifies the normalized
software at the unit level and the system level.
V&V provides a testbed for testing, verifying,

“and validating the normalization,

Exhibit 7 outlines a five-by-three array
that represents the work that must be accomplished
to normalize a system. The intersection of each
system element and each normalization task repre-
sents work that must be accomplished to complete
the normalization. 1Its composite represents the
total effort to do the job. Additionally, each -
individual piece of work must be coordinated into
a broader, integrated effort. If they are not,
the sum of the costs of the parts may be much

-,greater than the value returned by the total

effort. When this happens normalization, like
system development, becomes a risky expensive
undertaking.
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Exhibit 7.\Relationships of Elements That Must
Be Normalized to Task Needed to Normalize.
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-the amount of technology each uses.

ograms, normalizes DDL schema,

: ' m

Exhibit 8 compares three methods of organiz-
ing a normalization, the manual -approach, the
partial automated approach, and the integrated
automated approach. These approaches differ in
_ Jhe cost and
risk of normalization.can be significantly reduc-
ed as the technology for normalizing is improved
from disjointed manual processes to integrated
automated processes,

Stant FINISH

INTEGRATED
ATOMATEY
APERGALN

AUTOMATED

MANUAL

(T

Exhibit 8. Comparison of Three Methods of
Organizing a Normalization Project

The most risky approach is the conventional
manual process that relies totally on manual .
effort to complete the job. This method features
all of the problems associated with finding, keep-
ing, and managing large staffs plus the problems
of managing the quality of unpredictable, error-
prone, manual techniques. The manual approach
entails the risks of redevelopment without offer-
ing the potential benefits of a "new" system,

The partial automated approach is an improve-
ment over. the manual. It relies on selecting
tools from various sources and combining these
tools with man-hours needed to uge them. This
method is an improvement over the manual because
it applies some modern technology (e.g., it sub=
stitutes predictable technology for manually '
efforts). However, it is plagued with the manage-
ment problems of coordinating disjointed tools and
techniques, adjusting uneven staffing requirements

. (some tools are more labor saving than others},

and integrating these variables into a total pro-
ject effort. Often the gains of using disjointed
tools and techniques are-lost to the inefficien-

cies of managing and coordinating them.

The preferable methodology is the integrated
automated approach depicted in Exhibit 8 and which
features tools that not only fit each specific
work area but are also part of a total technical
process, This preferable technology is tool or

"technique intensive and "fi11s" each box with.a

large amount of automation and a much smaller
amount of manual effort. The tools reinforce each
other in an integrated and supportive manner. For
example, the evaluation tools (EVAL) provide in-
formation and a framework that the translation
tools (TRAN) use to make the changes identified in
the evaluation phase. These changes provide the
audit trail that the verification and validation
tools (V&V) use to verify thé quality of the
normalized system. -
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Exhibits 9a and 9b show the work flow for an are not ‘managed correctly, thefﬁorﬁa]ization

automated normalization, It starts with the effort will fail. Automation makes these steps -
planning step and ends with a fully tested sys- both manageable and predictable.
tem. Each step in the process is assisted.by ]

_ techniques whose products intergrate with sub- The baselining step, shown in Exhibit 10,

sequent steps. The steps should be.aided by tools prepares the software .for normalization. It pro-
as follows: . ' © duces a definitive specification, an empirically

: \ derived picture of the current production software
| system. It includes not only each of the software

o e o elements but also -the dynamic behavior of these
L Planalng - . .
nereitnteg ™ : elements-as they are tested, including test data,
Bote Comprstan L o St ey (8 test transactions and processing results.
\ ’ ) -
Comversing Tepnriste Progeamt, TRAR (PG, NemY, TP)
. e, P | .
Convert fast Flles TRAR |DARs) N
G e | .
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Exhibit 10. Baselining Step in Planning
, Process : :

The System Test, shown in Exhibit 11, verifies
that the normalized system is functionally equiv-
alent to the baselined system, It uses the de-
finitive specification provided by the baseline to
Exhibit 9b. Normalization Work Flow and . verify that the improved normalized system produces

Work Processes : "exactly" the same answers as the baselined copy.

“The amount of effort for the total job and
the distribution of work per phase depends upon

the size of the job and the difficulty of the ? et | g o froq 101 | oetices
normalization. However, the integrated approach = 1 ramot
makes the effort predictable and the risk manage- Iy . ative isom
ab]e- Normelt1ed :-'“ﬂ,..‘ Y o, 1 BT
i : ';m. “’\‘ m';-.:"" Feactions! Lavtvalont
Two Ke! StEES (8) (&) correct moreaitaed

Soreg 11104
ots

The two key steps in managing a successful
normalization are baselining and systems testing. ,
Normalization is not simply performing the trans- "1 it oo iy WY .
lation step. Although automated translation is i Bt oLt a1 104 prowrom (oo res

) . 1

. Phace mormalired sysum 1n VBY tostoed m
1t tystem nto pregrem (L] u::“

Capture sepected output af sarsaliTed pregren Bote! thed
necessary it is certainly not sufficient to manage [ Comare ruit o M et | Sl
the normalization process. Every step should be - proctsd ta epieten

automated but the baselining and testing steps are L

especially critical. because these steps can have Exhibit 11. System Test Step in Conversion

the most deleterious impact on the normalization Phase
effect. ' . . N
' _ One of the great assets of normalization is
Baselining and System Testing can be very this ability to produce a definitive specification
labor intensive and very unpredictable if they and to test against it. After a baseline is cap-
are not aided by automation. As much as fifty tured, it is the specification. The improved

percent of an improvement effort can be spent in ~ system must produce the exact answers as the base-
baselining and system testing; and if these steps
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~ line.
functionally equivalent.

When it does, the system is accepted as
Because the V&V tech-
noloay helps automate this process, normalization
verification can be predictably planned and man-
aged and its cost controlled.

The automated V&V technology is used in both
baselining and testing. For Baselining, the V&V
technology is used: (1) to instrument the soft-
ware.-with probes; (2) to run test data against
the instrumented programs; and (3) to capture
the execution béhavior, the flow of the programs,
and the expected output. Exhibit 10 shows a
step-by-step flow of the baselining process. The
system elements, test data, execution stream, and
expected output are all. captured and are all part
of the baseline. This totality forms the accept-
ance criteria for the normalized system. It is.
used as the definitive specification in the
System Test step to verify .that the normalized
system is-the functional equivalent of the base-
lined system.

For System Testing, the V&V technology is
used as shown in Exhibit 11. The normalized
software is instrumented and tesed under the same
conditions as the baselined software. The system
behavior during the test is captured and stored.
This behavior is compared with the results pro-
duced in the baselining step. Any discrepancies
in the results of the System Tests and the Base-
1ine Test are identified and the code is made

“functionally equivalent.

Each phase and step of the normalization
process can be automated and controlled to pro-
duce predictable results. Through automated
normalization, software can be improved in a -
manageable fashion and the risk and expense of
improving software can be tightly managed and
controlled.

The following section provides two examples
of software improvement projects that used auto-
mated normalization to modernize software. The
first example involves using normalization to
minimize the risk of transition in the hardware
acquisition of a DoD Agency. The second examp]e
jnvolves using normalization to move a major on-
line capability from one computing environment
to another. .

4. No¥ma11zat1on as Part of a
Hardware Se1ect1on Strategy

EXAMPLE 1.\ A DoD Agency is replacing 35

. large mainframes\ that are part of a nationally

distributed capability and that are interconnected
by an internal telecommunications network and are

. connected to a DOD wide digital data network.

This hardware inventory includes IBM, and HONEY-
WELL computers and the software inventory. in-
cludes approximately eight million lines of .COBOL
and assembler, several data base management
systems, and several TP monitors. The Agency is
planning to replace most of these computers in

a single buy and to convert to a single vendor's
DBMS and TP software package.

13
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The risks of converting both the hardware and
software in one step was so great.the Agency wisely .
decided to minimize the software related risks by
improving software: prior to its conversion. The:
Agency chose to.normalize its inventory of pro-
grams into ANS 74 COBOL and a single DBMS, and
operating systems, and TP monitor pr1or to acquis-
ition. It used ‘normalization to help in both
hardware procurement. and software improvement. In
jts hardqare selection, it used software and
normalization to create a multi-target benchmark

. package that is executable across many vendor lines

and to provide this package for the Live Test
Demonstration (LTD) of each vendor's proposed
hardware solutions. .

In its software improvement, the agency used:
normalization to upgrade its most critical pro-
grams into a more portab]e maintainable, and en-
hanceable status prior to hardware implementation.
Thus, by norma11z1ng, the Agency met its two bas1c.~

‘goa1s . ,

1. Minimizing transition risk by putting its most
critical software .into a normalized posture
prior to hardware 1nsta11at1on, helping ensure
the Agency of a smoother risk free trans1t1on
period.

2. Maximizing hardware compet1t1on by providing
every vendor with the same normalized easily
executable LTD benchmark package that will
minimize the bidding vendors conversion costs
and maximize their ability to compete for
government business. This competition will
reduce the Agency's life cycle costs and in-
crease its systems guality by mu1t1p1y1ng its
options of. poss1b1e vendors

Exhibit 12 shows how the Agency's benchmark

package for the LTD was selected, normalized and
verified.
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Exhibit 12. Normalizing + Verifying
Benchmark Package for- LTD
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Represéntative programs and transactions were
selected from across the Agency's inventory
of systems. These programs represent the
types of processing the Agency will conduct
over the next ten years and the types of 3
. processing the hardware must support both in
terms of -the functions, volume, and mix of
transactions. ) ’

0 Normalization is a Migration Strategx

EXAMPLE 2.~ A U.S. Government civilian
Agency operates a nationally distributed network
of terminals cannected to a large data center.

As the initial step in-its computing fodernization
strategy, the Agency normalized its -software cap-
ability and migrated from twin Honeywell 6680s to
an IBM 3081 environment. The characteristics of

Since the Agency's processing demands are
impacted by sudden and extreme surges in
transaction volumes, the LTD must alsn model
these heavy but sporadic transaction loads.

‘The programs selected for the benchmark' pack-

N

age were normalized into a multi-target

status. This normalization was verified on Lines of Code -- 200,000 COBOL
IBM in a CINCOM TOTAL MVS environment and in Terminals -- 550 , :
UNIVAC in a DMS 1100 environment. These are Transactions -- 250,000 per day average

two radically different environments. This

process involved normalizing:

the normalization were a
Project Initiation

" Project Completion
. System Implementati

SOURCE COMPUTER

s follows:
-- April 1982

-- January 1983
on -- 17 January 1983

TARGET COMPUTER .

H6680 (2) IBM 3081
0 languages; ‘68 COBOL *74 COBOL -
0 interfaces; TDS CIcs
0 DBMS; 1DS VSAM .
0 TP - : - : '
0 0S; The normalization process moved the Agency's

- 0 hardware; and capability from the source to the target environ-

0 documentation. ment, standardized the programs into ANS '74 COBOL,

implemented information hiding of both the DBMS
and TP functions, and documented the programs.
Exhibit 13 shows the change brought about by
normalization. ’

Automation makes the process technically
~ possible. .

0. Since the normaliiing process is automated,
the-verification took place in a very timely
manner matching the writing and release of

the hardware RFP. The benchmark package that — | | ) ll T
was provided vendors for the LTD included . the ‘«umm~L -------- ’ ' '|"‘”‘1‘ """ "‘”"" P
normalized programs and data'together with ————4‘\ ‘ _____'l ‘ p— 1
detailed. specifications for the bridges. R B N{SEH;EQ"O \"‘“‘l‘ ...... w e A -
The multi-target normalization established — l l oy '(tmt o L
a common baseline of programs and transactions 105 | e I"*=“= ‘ . - IR
that vendors benchmarked in the LTD thus providing — | | ¢ =

the Agency with two valuable measures:

1.

The performance of the normalized software

dplacations .
Progreat t

. dpphication
brogrems

and
. . . Exhibit 13. Example of Normalization .
2. A comparison of the performance of vendor's : :

hardware using the normalized software. The Agency had three basic goals that had to

) . o . : be met .for a successful conversion: .
Because the code is normalized, it can also be :

used to provide performance measurement after

: A . 0 uninterrupted service during conversion;
installation of the new equipment. :

0 reliable and maintainable information
following conversion; and

Normalization helped meet the goals ot 0 conversion in a very tight time frame.

maximum competition and minimum conversion risk.
Competition.is maximized by using portable soft-
ware for the LTD thus minimizing vendors conver-
sion costs and risks. ~This should induce more
vendors to compete to supply the Agency with hard-
ware. Life cycle costs are minimized by having
a unified software environment normalized for ease
_ of maingenance and enhancement and fitted to the
. hardwaré so processing loads can be met. This
’ should reduce the software maintenance and enhance-
ment=costs that contribute approximately 80% of
the Agency's ADP operational expenses.

Automated normalization was selected as the
migration strategy because it met these goals.

The Agency's Data Processing Center supports,

a nationally distributed network of terminals that
is an integral part of the everyday operations of
the total Agency and is critical to supporting
the Agency's mission. It is essential that the
computer provide uninterrupted and responsive

* gervice td the Agencies network of terminals. It
was mandatory that this service be provided
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throughout the conversion process and that the
. uninterrupted responsiveness must not degrade
“ " during the transition period.

The Agency gathers; stores, tracks, and
accounts for financial data representing billions
of-dollars per year and for personnel data cover-
ing hundreds-of-millions of people per year.

This information must be accurate and auditable

at all times. Therefore the software that gathers,
processes and supports this information must be
both reliable in its operations and maintainable
as it is changed. It was mandatory that the
conversion process must improve both the reliabil-
ity and the maintainability of the software.

The Agency's schedulé dictated that the con-
version be completed in a nine month time frame,
that parallel processing-be limited to less than
30 days, and that the target environment be re-
liable and maintainable immediately after tran-
sition. It was mandatory that the conversion
process be automated and meet this very tight

*schedule.

" Exhibit 13 shows the before and after’ picture
of the normalization. The system was normalized
during the April to December period, was runin
parallel for less than 30 days, and went 1live on
January 17th 1983. The Agency met all ‘three of
its conversion goa]s The Data Center provided
uninterrupted service during transition, the
- software remained reliable and auditable, und the
conversion was completed on time meeting the
Agency's schedule.

5. Shmmary»

Software improvement is a procedure that
preserves an ADP organization's past investments
and sunk costs in programs and information pro-
cess1ng Software improvement differs from soft-
ware riedesign or deve]opment because. it minimizes
the risks of reprogramming by modernizing in
incremental, testable steps, Through software
improvement, organizations can modernize their
information processing in a controlled manner,
thus minimizing risks.

Normalization is the initial step in software
improvement; it is the standardization of existing
software, making.it more enhanceable, maintainable,
and portable. Automated normalization is a cost-
effective and resource-efficient technical fact,.
that has been successfully demonstrated in séveral
instances and is avajlable”in today's marketplace.
Automated normalization makes software improve-
ment highly economical, feasible, and timely, In
summary, it is a way to modernize existing systems
while preserving past investments as much as
possible, and putting the systems in a‘position
to take advantage of new and emerg1ng ADP tech-
nologies.
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ABSTRACT

3

This paper describes a CPU sizing methodology developed by the author for a corporate Performance and
Configuration Group. The objective of this study was to effectively predict CPU utilization and total workload
turnaround time for future batch workloads. This was accomplished through the implementatiorn of certain algebraic
models which successfully model the various components (.., CPU, 11O, etc.) of a computer system, capturing the
dynamic interrelationship of hardware configuration, operating system logic and application workload.” The result of
this work is an algorithm which will accurately forecast average CPU utilization, volume independent CPU
utilization, initiator turnaround and workload turnaround time for a given workload on various CPU models (3031,
168-3, 1683 MP, 3033, 3033 MP). From a planning viewpoint, this information is extremely important in
determining hardware needs as application workload characteristics change.

3

’

1. INTRODUCTION ~ extremely important in determining hardware needs as

. . - application workload characteristics change. The
This paper describes a CPU sizing methoddlogy model is formally developed in Apperdix A and an
developed by the author for a corporate Performance . s . .

~0 P . overview and application of the model is presented in

and Configuration Group. The objective of this study the following sections
was to effectively predict CPU utilization and total : & ) '
workload turnaround time for future batch workloads.

This was accomplished through the implementation of 2. Model Overview _

certain algebraic models which successfully model the Input to the model consists-of "jobs’ which are

various components (i.c., CPU, 1/0, etc) of a - characterized by total problem program (pp) seconds

computer system, capturing the dynamic consumed, I/0 counts by device type (c.g., 3330, 3350,
" _interrelationship of hardware configuration, operating 3400, etc.,), total 1/0 count and initiator (priority

system logic and application workload. The result of } . group) assignment. From this input, the model

this work is an algorithm which will accurately = -7 - predicts three system variables: CPU utilization,

' forecast average CPU utilization, volume ipdependent initiator turnaroind and worklgad turnaround. ~’
CPU utilization, initiator turnaround and workload Considering the complexity of a computer system
turnaround time for a given workload on various CPU which employs hardware and software interrupting,
models (3031, 168-3, 168-3 MP, 3033, 3033 Mp).! priority scheduling and system resource competition
From a planning viewpoint, this information is through the multi-programming of jobs this is a non-

. . _trivial task. The algebraic models implemented,
however, are simple but effective in capturing the
dynamics of such a computer system. For this model
. ’ ) average 1/0 behavior is assumed (i.c., minimal 1/0

- queueing).

1. Sec Appendix B for the MIPS rates for the various CPU modcls.
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.

The algebraic model approach views a workload as a
queue of jobs competing for CPU titne, where CPU
time can be spent in problem program state (pp),
supervisor state (ss) or wait state. “The total number

in queue is bounded by the total number of initiators
active (multiprogramming level) and jobs are
prioritized in order to keep the CPU as active as
possible. ' The job initiated with the highest priority
has the best chance of securing CPU time. CPU
control is relinquished when 1/0 is requested by the
job holding the CPU or if a higher priority job causes
an interrupt. Once the I70 request is satisfied, the job.
again competes for CPU time. Viewed'in this way, the
amount of CPU time consumed for a job in.a given
period depends on the character of the competing jobs.
Taking this one step further, it is possible to view this
activity as a competition between initiator workloads
rather than jobs. The character of an initiator is
determined by the character of all jobs assignefl toit.
Each initiator is chargctcrize’d by it's [/O rate” jt's
standalone CPU rate
dynamic interrelationship of competing initiators is .

. modeled through a set of simultaneous equations.

The number of simultancous equations to model a
given workload is the total_number of initiators
assigned to the workload. The solution of these
equations determines which initiator drops out of the
mix first since the-"work" assigned to that initiator is
complete. A new sct of simultaneous equations for the
remaining initiators and remaining "work” is then
constructed. The solution to each set of simultaneous
equations is the degraded CPU rates? for the active
initiators in each time interval. Using these degraded
CPU rates, the intervals for each initiator to complete
their workloads are computed. The shortest interval
identifies the initiator that drops out. The workloads’
for the other initiators are adjusted by the CPU. time
consumed by each initiator over the interval. The
algorithm continues iteratively until all initiators
complete their "work”. Total workload turnaround
then is the time it takes for the last initiator to
complete its work measured from the start of the first
initiator. CPU utilization for thé'-machinc under study
is then calculated.

3. Data Preparation

An actual CPU sizing study was performed using
workload information supplied by a large application
on 1BM mainframes. The workload characteristics
(CPU problem program seconds and 1/0 (EXCP)
counts by device type) were obtairied using System
Management Facility (SMF) log data collected on

2. See Appendix A for definition.

and it’s turnaround time*. The

'

site. The objective of the study was to predict CPU
utilization and workload turnaround for future
projected workloads using the current batch workload
‘as a bascline. Future workload characteristics were
defined by the corporate Performance and |
Configuration Group.

An SMF Stripper program was used to extract the job

_ characteristics used for input to the modeling ‘program.

The SMF stripper program stored the stripped data in
a hicrarchical database from which job and system
summary rcports were generated to help validate the
models’ predicted results. ’

4. Model Validation

For the purpose of validating the model, with respect
to a bascline, onc day was chosen from the monthly
workload as input to the model program. The CPU
utilization and workload turnaround for the test day
was obtained via reports generated by the database
system, Data for this day refiected heavy CPU and
1/0 activity. Selected jobs were extracted from the
database, assigned to initiators and input to the model.
The jobs were assigned to four initiators according to
their 1/0 rate with highest priority given to 170 bound
jobs. These assignments could have been made
according to the actual initiators assigned to the
baseline workload but this information was not

_available. However, the method ‘used to assign jobs to

various priority initiators by there 10 boundedness
(1/0 rates) is in common use by computer system
planners in charge of job scheduling. The idea, of
course, being to overlap 1/0 and CPU utilization. The
results, actual and predicted, arc shown in Table 1.

Table 1

Validation Results

Actual Predicted % Error

Problem
program (pp) 295.64
(minutes) :

295.64 0.0

Supcrvisq"r . _

state (ss) “70.33. 625 11.1

(minutes) )
r/ °

CPU,/ :

utilization’ 55.4 51.1 7.3

- (percent)

117

/

Workload .
turnaround *  11.0 11.68 5.8
(hours) =~ - :
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|

It is important to note that the actual workload
contained elements which we were not able to model
and which were irrelevant to the batch workload '

‘modeled. These elements (e.g., IMS start-up and 1/0
from started tasks) were minimal but do inflate the
observed error on supervisor state which we believe to
be in the neighborhood of 3%-4% based on previous
validation- experiences with the model. Also, certain
approximations to non critical operating sysiem
overhead in the model are "noisy®.

S. Batch Workloads

Nine workloads were defined by the Performance and

Configuration Group as inpu:t to the model. fable2 = -

briefly describes each of these workloads.- Again, the
objective of the study was to predict CPU utilization
and turnaround time for each workload on various
machines and to gain insight into the behavior of the
workloads under machine upgrades.

Table 2
v o Batch Workloads
: Description
WORKLOAD A  anticipated workload for end of
. month processing

WORKLOAD B anticipated workload for end of

week processing
WORKLOAD C  anticipated workload for middle

) of week processing
WORKLOAD Al subsct of WORKLOAD A which
could be split out and runon a
separate processor (termed
primary) in a dual computer
environment \
WORKLOAD A2 subset of WORKLOAD A
(containing the remaining jobs of
WORKLOAD A not included in
WORKLOAD A1) which could
be run on a second processor
- (termed support) in a dual
computer environment

subset of WORKLOAD B for
primary processor

' WORKLOAD Bl

WORKLOAD B2 subset of WORKLOAD B for

support processor

WORKLOAD C1 subset of WORKLOAD C for

primary processor

-

subset of WORKLOAD C for

WORKLOAD C2
! support processor

Each wquload was run throqgh the model for various
macHines (3031, 168-3, 168-3 MP, 3033, 3033 MP).
Each workload run, utilized four initiators. For the

_purpose of comparison, the model results were divided

into three groups as follows:

Group 1 - consisting of workloads A, B and C
Group 11 - consisting of workloads A1, Bl and C1
Group 111 - consisting of workloads A2, B2 and C2

_ The results from the various model runs were plotted

by group and are shown in Figures 1-9. These graphs
depict the workload turnaround times, the average
CPU utilization and the volume independent CPU
utilization forecast for the nine workloads modeled.
Volume independent CPU utilization represents the
CPU utilization when all initiators arc competing for
CPU time and indicates the CPU power required if
the volume of work offered sustains all initiators active

‘over an unspecified period of time. Individual'initiator

turnaround time were available, but were not plotted

“for this study.

6. Discussion

Perhaps the most interesting conclusion to be drawn
from the model results, pertains to the character of the
batch workload and its behavior under various CPU
processing speeds. From the turnaround times forecast
for the different workloads, the benefits realized by
upgrading to a faster CPU (i.e., going from a 3031 to
a 168-3, 3033, 3033 MP) became less and less.
Looking at Figures 1, 4, 7 (Workload Turnaround)

i
one can observe that the workload turnaround times

" predicted for a 3033 and 3033 MP are very close. The

reason for this phenomenon is that the modeled

1 workloads are becoming constrained by their level of
1/0 activity and the number of initiators assigned to

the mix.

" Another characteristic of this phenomenon is that in
. addition to the number of initiators assigned to the

118

mix, the effectiveness of a particular assignment of
jobs to initiator is not invariant under an increase in
the speed of the CPU. - For example, in comparing the
workload turnaround time for workload A (Figure,1)
with a subset of itself, workload A2 (Figure 7), the
following facts are noted.

i. the assignment of jobs to initiators (the initiator
structure) is'different in Figure 1 than in Figure
7 but within each figure across machines the
initiator structure/is constant.
v
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ii.| on the 3031 theturnaround time fof workload A
is 48.5 hours and that for workload A, is 44.6
_hours. On the 3033 MP the turnaround time for
workload A is 13.8 hours while that of workload
AZ is 15.2. hours

These facts suggest that as a workload becomes more

1/0 bound (i.e. faster CPU) the initiator structure

may become a more predominant factor in turnaround
time. The effect of initiator structure-on” turnaround
time as a function of machine speed is being further
investigated. *

The above issues suggest that to insure batch workload
turnaround improvement when upgrading to a faster.
CPU that the initiator structure should be studied. It
may b essary to change the number of initiators as
welias the method-of assignment of the jobs to the
initiators. The optrmum results will be a function
dependency relationships between jobs in the workload.
Further, as mentioned earlier, average I/0 behavior
was assumed throughout this study. Upgrading to a
fastér CPU will speed up the delivery rate of I/O
requests to the 1/0 subsystems. This may cause I/0
bottlenecks in the actual system. Such a situation may
be relieved by a better distribution of data balancing
across channels, controllers, and devices or by purchase
of additional peripheral hardware.

- 7. Summary

An algebraic model for a multiprogrammed computer
system has been developed (Appendix A) and an -
application of the model to a problem in CPU sizing
described. A more extensive algebraic model
incorporating other sources of contention (I/0
subsystem, memory, etg.) has been developed and will
appear in a forthcoming paper. Algebraic models
other than simuitaneous linear equations are available.
1 would like to take this opportunity to acknowledge
many early stimulating discussions with H. Pat. Artis
on dynamic Jo‘b scheduling, which motivated this

rescarch on algebraic models of computer systems.
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APPENDIX A

An Algebraic Model for CPU Sizing .

A.l1 Introduction

. particular algebraic model used i in this paperfor CPU

119

A new methodology for modcllng computer
systems has been developed using sequences of
algebraic models. The approach can be used in
conjunctiorr with dynamic mix analysis techniqués on

(1l

workload clusters* " and is similar in flavor to

operational models of computer systcmsm Thc

sizing will be introduced as a set of simultaneous

equations. The modeling approach taken here consists »

of the following mainpoints:

a. Thc conversion of application workload into " ..

workload on the various components of the

system.

b. The rates at‘which this work is carried out
can be represented by the utilizations of
the components involved (CPU, channels,

devices, etc.).

¢. By studying the logic of the operatrrrg.
; system, critical sequences of ‘highly
repetitive ,opcréting system module activity
can be isolated. 'fhosc are primarily
sequences necessary to support the read *
and write activity of an application
program and include as elements such
modules as the 1/0 supervisor, interrupt

* handler, and dispatcher.

'.I'his,information. together with certain
ap;;lication program paramqters, is sufficient to
determine the induced work and work rates
(utilizations) on all processes classicelly of interest in
theasy'st'em. For_purpose of this paper attention is

restricted to CPU utilization only.

122

»




.\}

ERIC

Aruitoxt provided by Eic:

In lhis;model'it'is’zﬁsuinéd that no 1/0

contention (queueing) is occurring and that all /O

operations take the "average” time to complete. A

parameter to account for deviations from this
assumption is,built into the mo.dcl for potential use. It
is also assumed that paging (or swapping) isnot a
significant problem and in a similar manncr as 1/0
degradation, a parameter to aj:coum for deviations
from this assumption can be built into the model.
Submodels can then be used to estimate these

parameters. This expanded approach has been used

* and benchmark validated in a more complete algebraic

model of a computer system than outlined in this

paper. -

We also assume there are N jobs
competing for the central processing unit (CPU) under
a preémptive priority dispatching discipline for service.

An application program in control of the CPU can be

interrupted and lose control of the CPU if either a

program of higher priority preempts or the pmgram'

itself issues a request for an 1/0 operation.

We are interested in isolating certain key

parameters of application programs which characterize

‘the logical interaction between program and operating

system modules. These parémegers, ideally, will be
invariant under multiprogramm{ng since they will-
represent interaction with the‘operating system which
must be carried out regardless of the collection of
programs with which a given program is executed.
Total number of application program CPU seconds
consumed and the number of 1/0s issued per
application program CPU second are cxa mples of such

invariant parameters. As we will see, the latter will

. allow us to calculate the CPU time expended by the

operating system to service the application program

requests for /O operations as a function of the

multiprogrammed mix.

{

120

The following is a list of operational
definitions necessary to describe the quantities used in
the model. For a given application program, Pi._the
following standalone attributes are defined.

C; = total application problem program CPU time

-

for program i
T; = total single thread lelapsed time of prograrh i
Ef = Fotal number of tape 1/0’s issued By program i .‘ '
Ef = total number of di;k 1/0’s issued by progra.m i
€ - (E! + E}/C; is called t,he=I/0 rate of program
i .
r; = Cy/T, is called the CPU rate of program i’

The following multiprogrammed attributes are also
defined.

'i'; = total elapsed time of program i when

multiprogramined ,

f; - C;/T; is-called the degraded CPU rate for

program i
At} = average time to do a tape /O
Atf = average time to do a disk I/0

Certain quantities related to the operating system will

also be referenced as follows.

¢ = sum of CPU timings tflrough all operating -7, -
system modules invoked to support one 1/0.
The sequence of operating system modules

invoked is called the /O critical path. .
N = number of programs running in the
. multiprograinméd’job'r'r'_\ik‘"(i.c.‘, numberof

initiators active).
@
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8(N) = CPU rate of all operating system module
activity not on the 1/0 critical path. This is a
function of N and the m.ultiprogrammed mix- -

characteristics.
A.2 Model Formulation

A.2.1 Operating System If we assume the operating
system modules run in supervisor state disabled for
interrupts, then the operating system modules once
they gain control of the CPU cannot be preempted by
an application program. Therefore, operating system
modules on the I/0 critical path invoked by the
pi'occss of issuing an 1/0 request, take on the priority
of the invoking programs in order to gain control of
the CPU, but once in control, they behave as the
highest priority jobs in the multiprogrammed mix.

Since an operating system module is itself
a program, the CPU rate of the module is proportional
to the CPU rates and 1/O rates of the programs
invoking it. Once activated, the module will degrade -
all application prdgram CPU rates with the exception

of the invoking program. All opéraiting system module

activity not included in the 1/0O.critical path is lumped .

into one pseudo-operating system module which is
considered to run at highest priority with CPU rate
8(N). '

.. The CPU rate of that portion of the

_ operating system representing modules on the 1/0

critical path is given by

N
I-Ef';eio'

where
f; = CPU scconds/clapsed second

¢; = 1/0's/CPU second

)

é

determined given 8, totalcn"t;mbcr of I/0' in a mix,

121

§' = CPU seconds/ 1/0

Note that ; is the actual degraded CPU

rate of program i which we will ultimately solve for.

‘ If S is the total operating system CPU rate
then

S=0(N) +1

In order to fully characterize the total
operating system Cl-‘l_J rate, it is necessary to
determine 8(N). Total CPU rate of all 170 critical
operating system modules is ob_tainablb as well as total
operating system CPU rate. chcc, we may assume
both S and I are known quantitatively. Unpublished
experimental results with operating sysicms have
indicated that 8(N) varies linearly with increasing

multiprogramming level. We therefore assume
;

9N = k(NS

where k(N) is a linear function depending on the

number of programs in the mix. Since S is 6(N) + I,
A(N) = k(N) (6(N) + )

\

or v

0(N) = T(k(N)/(1-k(N))

6(N) is now seen to be a function of multiprogram
depth and though the expression I also a function of
the 1/0 characteristics of the programs being
multiprogrammed. - The expression k.(N)/ (-k(N)) will
be referred to as simply the term K, the dependence on
N being assumed. k(N) can be empirically

multiprogramming level, S and the discussion in this

section.
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A.2.2 Application Programs Next we turn our
attention to determining the degraded CPU rates f; of
each progr;lm in the mix in order to deterpine total
CPU utilization réquired and the turnaround time for

the mix.

Essential to the modeling technique
developed in this paper is a three level hicrarchical
view of time. Given any process, one considers first
the passage of elapsed (clock on the wall) time.
Within an interval of such time, certain subintervals
maS/ be made available within ylhich a process can
become active. That is, the process may become active
for none, some, or all of the subinterval. Hence, one
can distirguish three fypes of time: elapsed time,
available time, and process active time. This situation

is indicated in Figure A-1.
THREE LEVEL VIEW OF TIME

\ =
1 PROCESS ACTIVE
. : TWME

S
S

e mnmee
~ N

R
N

;
AVAILASLE TIME FOR
PROCESS ACTIVITY

T
N
|

L"’ — — u»En'u: ®

. Note that if there are several processes

competing for available time within an interval of

elapsed time, then what is nonavailable time for one

process may be available time for competing ﬁrocesscs.

This is true for example when programs compete for

the elapsed time of a CPU. On the top line of Figurc
’Kf&he dotted regions represent time spent on

competing processes and the hashed region time that

was available to a proce-ss but not used, i.c. the

process was not active. The d_ai'kcned regions indicate

process active time. There are therefore, two possible

ways Jo represent a process utilization; with Tespect to

elapsed time and with respect to available time. This

distinction is of fundamental importance in the solution . -

of many computer system proble;ns since any attempt
. to increase a process utilization cho_nd the maximum

value indicated when utilization is computed with

respect to available time must be acﬁicved at the

expense of competing process utilization. .

1\ .
If program execution in a

multiprogrammed computer system is viewed as a;"
process competing for availablc CRU time, then the
degraded CPU rate of a program, as the model will
calculate it, is equivalent to process utilization with -
respect to elapsed time and ﬁot available timej. Its
single thread CPU rate is equivalent to process
utilization with respect to available time. For the
single thread (standalone) case, available time is
preci‘s‘él'y elapsed time. The degraded CPU rate for
program i, Ty, is uﬁknown since 'i';. the degraded
elapsed time, is not known. However, f; may be

represented as an analytic expression derived as .

Figure A-1

- FRRpp— P AR T T Ty e Sy

follows.

Let us assume that program i has higher

priority than program i + | and that the operating

.



R at s ST

O

RIC

Aruitoxt provided by Eic:

system modules, once they have gained control of the
CPU, cannot be preempted. Further, suppose a unit of
available CPU time is made accessible to programsiin
a multiprogrammed mix. We would like to

characterize the "average™ competition for the unit of

'availabie CPU time by the programs and system

modules constituting the mix. In other words, given a
unit of CPU time (c.g.,a CPU second), it is of interest
to determine how the time is expended on the various |

processes competing for the CPU resource.

Consider an available CPU second. Since
the operating system has top priori{y. 6(N) + I is the
average i‘raction of the second taken by the operating
system. The CPU time remaining for problem
program state activity is then | — (@(N) + I) seconds.
For a particular program, the expression representing

operating system overhead time unavailable for

problem program activity must be modified slightly. A

program will never be degraded by its own 1/0
operating system overhead s?ncc it is assumed that it is
no longer competing for the CPU resource until the

1/0 request is satisfied. Hence, define
li =] fieiO'

so that I;, represents all critical operating system

module CPU rate except that induced by ‘program i.

Assuming that no [/0 contention is
present, the top priority-application program will take,
on the average, a fraction r; of the available CPU time

or
f‘l - l'](l - (O(N) + l])) }

“ of the initial available CPU second. The next highest

- «»-xr-priority program will take on- the average a-fraction r;

of the remaining CPU time or

f‘z - r;(l - (0(N) ,+ 12 + f‘]))
of the initial available CPU second.

In general, the ith program experiéncing no
1/0 contention will take on the average a fraction rj, of
the remaining available CPU time or
= I‘.(l - (6(N) + I+ E ;,))
- j<i
of the initial available CPU second. Figure A-2
indicates the initial available CPU second and the

cdrresponding time lines for the equations given above.

If it is assumed that 1/O contention is
p.rcsent. then the above equations can be mod.iﬁed S0
that, _

fo=di(l —0N) + I+ 36 (A-D)

j<i
/
i=12.N

where d; is a parameter reflecting degradation due to
1/0 contention and Q < d; < 1. d; may itself be
represented as an algébgaic model or as the output of a

simulation or queucing model.
r; may be approximated as follows,

r, = C/(C; + (ElAt} + Efatd) (A-2)

+ ¢'(E} + ED)

or obtained by actually running the job on the

computer system.

Equation (A-1) represents a set of N simultaneous .

equations in the N unknowns, f;. Solving this sct of
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cquations for the f;, with d; = 1 for all i, allows us to
them compute the following functions of the degraded

rates.

Turnaround (Service. Response) Time for Program i

Supervisor State (SS) CPU Utilization l v

S=0(N)+1

N .
- z (K + DefT

Problem Program (PP) CPU Utilization

Total CPU Utilization
U=S+P

N
- z a+ (K + Ned)i;

Contribution of each Program to Total CPU

Utilization

O
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fi + (K+ Deff

PP SS

APPENDIX B

MIPS RATES

3031 12
165-3 27
168-3MP/AP ~ 4.5
3033 . 4.6
3033 MP/AP 1.6

\



INITIAL AVAILABLE CPU SECOND

OPERATING

SYSTEM AVAIILABLE CPU TIME FOR PROGRAM 1
B(N) +1, 1-@(N) +1,) g
OPERATING ' :
e atim | PROGRAM 1 | AVAILABLE CPU TIME FOR PROGRAM 2
0(N) +1, n(1—-OMN)+1,)) 1—(0(N) +1,+7))
f
OPERATING . ' . |AVAILABLE CPU TIME
SYSTEM | PROGRAMI PROGRAM i FOR PROGRAM i+1
ON) + Ly [ (1—(@N)+ID) . .. r;(l—(G(N)+li+ pAND

i<i N=N) + [+ 2 l‘:,)

j<i+l

Figure (A-2)
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- ESTABLISHING A SOFTWARE ENGINEERING TECHNOLOGY (SET) o \

‘L. Arnold Johnson
and ‘ '
William R. Milligan

. Federal Software Testing Center
Office of Software Development and Information Technology
General Services Administration
- 5203 Leesburg Pike, Suite 1100
" Falls Church, VA 22041 -

This paper will discuss the concept of software engineering as provided by
Dr. Barry Boehm as "the application of science and mathematics by which
_the capabilities of computer equipment are made useful to man via computer
programs, ‘procedures, and asaociated documentation." It can serve as a
starting point for developing and institutionalizing a modern Software
Engineering Technolcgy (SET). The document defines key elements which
comprise a SET and suggests a method for- formulation of these elements
into a technology that encompasses all of the primary stages of the
software life cycle. It presents a discussion of the types modern day
software engineering practices. The approach emphasizes the incremental
integration of software tools into the technology as a means of increasing -

- productivity, establishing regularity and uniformity, anq_hmproving
control over software systems.

“The past is but the beginninglof a beginning, and all that is and has
been is out the twilight of the dawn."

. H.G. Wells _
The Discovery of the Future (1901)

Key Words: Software Engineering Technology (SET); Software Engineering;
software tools; software management.

1.1 Software Engineering application of science and mathematics by which

the capabilities of computer equipment are made
‘ugeful to man via computer programs, procedures,
and associated documentation" [1]. Software
engineering is sometimes referred to as the
discipline which brings order to the software

Software engineering encompasses a wide range of
techniques and methods for managing, developing,
and maintaining computer software. It is
sometimes thought of in the more restrictive

sense to cover only programming methodology.
Software engineering actually covers a much
broader scope and includes all of the
disciplines which are used in dealing with
software throughcut its life cycle.

A more formal definition of software engineering

is provided by Dr. Barry Boehm as "thé

‘\‘1 V ’ i ‘\
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life cycle development process. There are.many

_techniques such as top down design, structured

programming, thread testing, HIPO charts, etc.,
all of which bring a form of discipline to the
development.and management of software.
Defining the techniques employed by an
organization through the use of 'standards and
procedures is a primary means of establishing
order in software development and mznagement.

o
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. activities associated within the stage.

~with the six stages is viewed as

Along with a discipline come the measurements
and controls which permit software t;,hg
evaluated and subsequently managed . Activities
such as critical design reviews, program_design
reviews, and software change controls usually
accompany software engineering methodologies.
These functions are necessary in order to
determine if the software meets the needs of the
end user and is easy to maintain. A Software
Engineering Technology (SET) includes the
development of software standards, development

of computer and manual procedures, acquisition

of the necessary software tools, and integration
of these elements into a suitable machine
environment. The aim of the SET is that it be

a practitioner“s approach to so ftware
engineering [2]. 1In doing so the technology
must be flexible, yet should not sacrifice
principles. A comprehensive SET for software
development must consider all aspects of the.
software life cycle if desired results are to be
obtained. For this to be possible, the factors

which affect the software life cycle phases must

be identified and a formal technology
established.

1.2 Components of a SET

A SET consists of two major components — stages
and elemegts. Stages are discrete phases of the
software life cycle identified by the type of

The six
stages of the software life cycle for a SET are-

. requirements definition and analysis;
. design;

. programming;

. validation;

. operation; and

. review.

Elements of a SET are the principle factors

which direct and control the software activities
within each software stage. The five elements
for a SET are-

. standards;
. procedures;
. tools;
. quality assurance; and
. " training.

The combination of these five elements within a
particular environment over the six stages of
the software life cycle constitute a SET. This
SET can be built in such a way that resources of
varied quality can be used to accomplish similar
engineering tasks. Without any of the five
elements, an engineering project will not
produce ‘a technology, but rather an unused set
of tools, standards, and procedures [3].

The association of the five different elements
a two
dimensional matrix as illustrated in Figure 1.
The blocks of the matrix, which are the

-

_iterative reviews.

intersections of elements within a stage, - .
represent the theoretical details of the ' ‘
technology. After the SET is developed, these
blocks should contain the detailed documentation
for the standards, procedures, tools, quality
assurance, and training for each stage. The
lines dissecting the stages and elements provide .
a natural boundry for the SET components. These
divisional boundaries are logical control points
in the technology from which reviews can be

per formed, quality ascertained, errors

identified and corrected, and management
decisions made. Also, the vertical lines
dividing the stages are logical points for
products, deliverables or milestones to occur.

In addition, the system environment (hardware,
methods of operation, etc.) provide a third
unillustrated, dimension to the matrix.  As an
organization manages or changes its data '
processing environment, the matrix may have to
be modified accordingly as additional tools,
procedures, and standards enter the environment.

1.3 SET Iterative Review Process '’

Because of the numerous directions software can
take, software control becomes a process of

All components within the
software life cycle need to be checked and
rechecked to ensure that none of the meaning or
usefulness desired from the software is lost.
One method, as reflected in this SET, is to
continually test the quality of products from
each stage in the software life cycle.

1.4 Key Concepts of a SET

[

The foundation for a SET consists of the
objectives to be achieved from a technology.

The building blocks for meeting these objectives
are the standards, procedures, tools, quality
assurance, and training elements available in an
appropriate environment. For the technology to
be effective, these elements must be
interrelated so that each element compl iments
the other. .

Two of the most important concepts for making
affective use of any SET are the controls
administered and management support for the SET
program. Management must be willing to allocate
a sufficient, but reasonable, amount of money,
personnel, time, and other resources to the SET
program; not only to develop it, but also to
maintain and control it.

1.5 SET Objectives

No organization or technology would have

" justification for existing unless identified

‘benefits were.realized. This is particularly
true for a software engineering technology.
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Thus, it is paramount that defined objectives be

in place so there is a common goal upon which a.. .
Primary objectives of the SET

SET can be built.
are to-

. reduce overall cost-of software by
reducing the effort spent on
maintenance through better planning,
design, testing, and control of
software resources;

. improve software reliability by
increasing the degree of software
correctness, minimizing uncertainty,
maximizing data integrity, and -
improving system security;

. improve maintainability of software by
making software structure consistent,
isolating functions, having up-to-date
documentation, facilitating program °
understanding, standardizing
interfaces, managing mechanisms to
control and apply changes or
enhancements quickly, etc.;

. improve portability by isolating
architecture dependencies, reducing or
eliminating operator intervention,
eliminating nonstandard source:code,
using high-level computer languages,
and reusing source code (i.e. reducing
development redundancy); i

. ensure software is useable by makivg
sure it meets requirements and \
maximizes error detection in the early
stages of software development; i

. obtain regularity and uniformity in
such areas as program format, naming
conventions, programming standards,
system design methodology, data
isolation, maintenance change
methodology, function
interchangeability, single-soufce
maintenance, and test and acceptance
criteria;

. establigh controls and measurement of
software for project monitoring,
‘evaluation of software, management
decisions, tracking, auditing, etc.;

. improve organization productivity
through increased programmer
productivity, increased hardware
per formance, reduced learning curves,
increased programmer effectiveness, and
broader skills at both technical and
management levels; and

. improve product quality and
responsiveness to user requirements.

1.6 Environment's Effect on the SET

There are certain factors which have an effect
or influence upon the development and
implementation of a SET.. This common influence
on the SET is referred to as the enviromment .
The environment is the aggregate of '
organizational, technical, and managerial
conditions of the’ ADP activity, which make the
definition of each SET unique. Thus, the effect
the environment has upon the SET is different
for each organization. Add to this the fact
that an organization's enviromment is constantly "
changing with time. Therefore, the SET must be
flexible and conducive to changes in the
environment.

.2. Overview of Software Life Cycle Stages

software life cycle includes the six stages
of- *

. 1
. requirements
. design;
. programming;
. validation;
. operation; and
. review.

definition and analysis;

s

2.1 vRequirements Definition and Analysis Stage

The Requirements Definitiou and Analysis Stage

‘begins after a feasibility study has recommended

that a new or modified system be developed for
computer processing, and that ,recommendation has
been taccepted by management. The purpose of
this stage is to define specific functional
capabilities required for the system, define
per formance requirements-that must be met, and
identify all information that the system will
use or produce. The results of this stage
become input to the next. stage, which is the
design of the new or modified system. To avoid
limiting the system designer's ability to

" consider a variety of design options,

requirements defined by this stage must
concentrate on specifying what the system is to
do -- not how to do it.

Analysis includes the study of a.business area

.or upplication, leading to the specification of

a new or mndified system. It consists of
interviewing the user about what the current
system does or should do,. what extra features
are desired in the new system, and what
constraints should be placed on the new system.

There are repeated interactions with the user in
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order to reach a clear understanding of new
system requirements. The most important product
of system analysis is the functional
specification. The user must be given adequate
time to review the functional specification
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- software development to begin.
,decomposition facilitates human comprehension by

before it is passed to the system designer, as
this can alleviate problems later. If care is
taken to ensure that all of the data and
processing requirements have been identified,
then required user changes can be kept to a
However, even though care.is taken to
review and finalize requirements with the user,
the definition of requirements is an interactive
process throughout the system life cycle, with

. specification changes identified during later

life cycle stages.

2.2 Design Stage

Design includes the tasks of detailed
specification of software, data, hardware and

" processing requirements, and the segmentation of

processes into programs. The design process
involves moving through successive levels urtil
the system has been defined sufficiently for

This

breaking down a large, complex problem into
smaller, more manageable pieces.

In addition to moving through successive levels
of conceptualization in decomposition of the
problem, there is also some iteration of the
steps in the design process. Most often the
initial solution to the problem is not the best;
and as the designer moves from one level of
conceptualization to the next, more insight is
gained into the ramifications of the problem and
design refinements may then be made.

A system can be viewed as a group of data
processing entities. The designer describes
these entities in terms of their input/output
and processing performed to accomplish the
transformation from input to output. Interfaces
and control sequences of the data processing
entities are described along with descriptions
of the data that flows between them. This forms
the "logical" structure of the system.

2.3 Programming Stage

Programming includes detailed design of the
processing logic, preparation of a plan for
testing the program, development of test data,
code production, unit testing the code, and
documentation. This stage begins with the ~
receipt of a specification for the development
of a new program or the modification of an
existing program. The programmer's first-act is
to obtain a good definition of the problem to be
solved. He analyzes requirements, asks
questions if clarification 'is needed, and
recommends modifications to the program
specification if it contains errors, omissions,
or obvious inconsistencies.

Once the problem is thoroughly defined, detailed
program design begins. The program design is

ERIC | | g3
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, cbmpiete when the program specification,

describing program construction, is finished.

To predict whether the designed program will
function as intended, designs should be verified
by someone other than the designer as the
designer cannot always objectively evaluate his
own work. )

After program design, the programmer codes the
program. In some instances design may not be
completely finished before coding begins.
Modern programming techniques such as
modularization and top down development, permit
flexibility in scheduling program development
activities by separating the program into -
logically distinct portions which can_be
developed and tested independently. As a

. result, there is a great deal of overlap of

design, coding, testing, and documentation

_.activity throughout the Programming stage.

Unit testing follows coding. This purpose of
unit testing is to ensure that the unit, or
program, released for system testing is free
from internal logic or format errors and
conforms to its specifications. '

2.4 vValidation Sthge

Validation encompasses system testing followed
by acceptance testing. The purpose of system
testing (sometimes referred to as integration
testing) is not to retest all o =he detailed
functions within each program si.ze that would
unnecessarily duplicate unit testing. Instead,
its purpose is to connect the program units to
determine whether they function together in
tandem. Thus, the main testing emphasis is on
the interaction between and interoperability of
software components and their interfaces.:-

Planning for system testing begins.in the
earlier stages of the software life cycle.
system should be tested against functional
specifications. produced during the Requirements
Definition and Analysis stage. For this reason,
adequate specifications for quality must be
included and the requirements stated in a way
that can be tested. During the Design stage,
when components of the system are first
identified, the system test plan is produced as
part of the system specification. The system
test plan defines how modules or programs of the
system are to be sequenced and pieced together.
It defines the order- of integration, the

The

" functional capability of each version of the
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system, and the responsibilities for producing
code that simulates the functions of nonexistent
components. Development of test cases for
system testing is accomplished during any or all
the Design, Programming, and/or Validation
stages. System test cases consist of test data
and' scenarios supplied by the user, programmer,
and/or system testing component.

142



Q

ERIC

Aruitoxt provided by Eic:

2.5 Operation Stage

The Operation stage begins after a software
product has been validated to the satisfaction
of the user and has been accepted for production
processing. This applies to both new ‘
development efforts and enhancements to existing
systems. The operation stage includes the
execuqon'of software and the ‘inter face between
development and operational components necessary
to ensure proper execution.

2.6 Review Stage

The Review stage begins after software is
operational and basically in a maintenance mode.
The purpose of the review stage is to provide
for periodic performance evaluations of
operational software systems. The evaluation
must address performance characteristics from
the perspective of the user, development, and
operations components with a view toward
alleviating errors and recommending
improvements. Review can be initiated based
upon management direction, problems, software
age, or scientific selection. Scientific
selection is the preferable method since it is
the least subjective. The review itself is most
effective as an internal peer group activity
conducted at the project level. “Activities
associated with this stage include-

. qualitative and quantitative data
gathering;

. data.evaluation; and

. trend analysis.

3. Overview of the Five Elements

Establishment of .a SET in any ADP enviromment
consists of the development of a detailed plan
that describes and integrates the five major

elements of-

. standards;

. procedures;

. tools;

. quality assurance; and
. training.

This combination of standards and guidelines,
procedures, tools, quality assurance and training
forms the basis for a software technology {31.

3.1 Standards

The term "standard" can be defined as that which
is established by authority, custom, or general
consent as a basis for comparison. Data
processing standards can be. grouped into two
major categories: methodology standards and

per formance standards.

Methodology standards are uniform practices.

Per formance standards are metrics to evaluate

per formance. Methodology standards. are rules of
procedures or instructions on "how-to-do-it."

Per formance standards specify how well a’ '
function should be be performed by people,
software, and machines. For example, -
programming methodology standards would indicate

how a program is to be coded (i.e., what coding
form to use, how characters should be
hand-written for input, the format of
code listing, etc.). The programming
per formance standards would state how long
program coding ‘should take, given the gxpefience
of the programmer, complexity of the job, and
other relevant factors or constraints.

the source

3.2 Procedures

Procedures are methods of doing business within
an organization. They define processes which
are followed on a project or the manner of
proceeding with a task. For a SET, procedures

_are really the "what-to-do" and "when' in

performing software tasks.

There are several types of. procedures particular
to a SET. There are undocumented and documented
procedures, as well as manual and automated
procedures. Undocumented procedures are the
methods or processes which are per formed based
upon tradition. Normally these procedurés are
comuunicated from person to person by '
word-of-mouth. -Approval chains or signoff

.procedures are quite often examples of this type

' steps, software testing process, etc.
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of procedure. -

Documented procedures are formal written
procedures in a data processing shop such as
software run instructions, test case development
They
serve as a source of reference to personnel for
maintaining consistency and uniformity in
completing software development tasks. )
Documented procedures eliminate much of the
trial-and-error in determining “what-to-do" and
"when-to-do-it." Also, documented procedures are
an invaluable sourice of training material when
integrating new personnel into the organization.
All procedures used in the software life cycle
should be documented including those that were
normally performed only by tradition. 1I1f not
documented, the procedures will never become
public knowledge or practice, and will not be
adopted and accepted by the data processing
pergonnel.

Manual procedures involve activities such as:
desk checking code, obtaining management
approval for proposed system enhancements,
interfacing with users to identify system
requirements. Automated procedures involve the
use of software tools, such as: language
analyzers, code optimizers, requirement
analyzers, and programming support tools. .

and
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3.3 Tools ’ A
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-

"A software tool is a computer program that can

automate some .of the labor involved in the
management, design, coding, testing, 1nspect1on,
or maintanance of other programs [4]."

There are many types of tools in widespread. use '
throughout the ADP industry. Their use has
become almost essential to the effective use of
computers for any application. These tools
range in size and complexity from simple aids
for individual progrdmmers to complex tools that
can support many software projects at the same
time. .
Tools are important because they can be used to
produce software faster, more accurately, “and
moré uniformly, while significantly improving
personnel productivity. As a result, -their use
can become an important part of software
development. More importantly, tools represent
.a class of software chat can be used and reused
within many different/ environments. Thus, the
the opportunity to reduce
costs and improve préductivity while decreasing
development time.

3.4 _ Qpality Assurance

Quality Assurance/(QA) is the formal process of
measuring or evaluating, the degree to which
software meets standards (e.g., alignment of
code or percentage of logic executed during a
test), and/or prescribed requirements (e.g., in
the areas of accuracy, reliability, etc.). The
primary purpose of QA is to develop and maintain
better software products than those which would
otherwise have been developed and maintained
using traditional methodologies without
measurements or controls,

3.5 Training'

The purpose of training is to create, through
some type of 1earn1ng experience, a permanent
change in a person's behavior so that the
individual reliably performs in a certain
..prescribed manner. The types and quantity of
training requ1red for a SET depend heavily upon
an organization's personnel background and the
make-up of the SET itself.

Webster defines training as "a process or method
to lead or direct growth; to form by
instruction, discipline, or drill" [5].
Training 1mp11es a method (procedure),
(behavior modification), and result (growth or
performance) Training in terms of the SET
requires the identification of target training
ar¢as and specific plans of action to bring
personnel to a higher level of knowledge and

change

S
C.‘f N

L% 2y
.

performance. Since the estab11shment

1nst1tut1ona11zat1on, ‘and 1mp1ementat1on of SET
is evolut1onary, the training plan should be
structured to facilitate this process and '

provide training which closely corresponds to
the SET.

4. Planning the Development of a SET

4.1  SET Planning

“‘Developing a comprehensive SET requires detailed

planning, organizing, personnel coordination
and, most importantly, management involvement
and support. If the SET development effort is
visible in an organization, the chances that-a
formal SET will be implemented increase
substantially. Establishing such an effort as

a planned program in an organization's plan is
the first step in efisuring that the process will
receive the necegsary attention. Involvement by -
all parts of the organization in the development
of a SET will increase the potential for
successful implementation.

Two approaches in planning the development of a
SET can be used - a top down approach and a
bottom-up approach. A top down approach -
develops a theoretical structure of software
engineering, and expands this to successive
levels of detail until all tasks are completed.
The bottom up approach identifies the current
engine. .ing process, and from this identifies
whick elements of the technology are missing.

An evol- tionary process of substituting tools
for existing processes, developing missing
procedu.es, standards, etc., by trial, analysis”
and modification, will evolve the current system
towards the desired SET.

It is imgortant that the SET development plan
yrovide & basic framework, direction, and
cverall schedule for the project. The plan
should b2 - tructured so that it can be updated
on a pev..uic basis and should address all five
elemert " of-

. standards;
. procedures;”
. tools;
". 4quality assurance; and
. traiuing.

An organizational plann1ng process involves both
tactical (short term) and strategic (long term)
objectives. These objectives are usually
identified in an organizational plan as a ranked
group of milestones. The ranking process is
conducted by management whereby each milestone
is evaluated using ‘criteria which mirror the
.goals of an organization. Top level management
usually establish these criteria which are then
used to prioritize and rank organizational
objectives. The'establishment of a SET requires
detail knowledge of an organizational plan to
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establish standh;ds, buy software tools, develop
procedures, and plan an adequate computing

" facility which wif{ best support organizational

objectives. The SE{ Developmeat Plan must
strike a balance between supporting
-organizational objectiyes and how rapidly the
engineering technology is implemented. As part
of the plan, an analysis of the current
engineering procegs should be conducted and
should be orgahized so that-it can .easily be
compared to the new, planned process. This
comparison will help identify actions needed to
upgrade the process. The analysis should also

- identify high pay-off areas as this will help
establish, priorities. From this analysis will
emerge the long range strategy and a detailed
plan [3]. Figure 2 shows a possible outline for

. a SET Development Plan.

4.2 Model for Developing a SET

The method used for establishing a SET depends
on a particular organization and its staff.
There are, however, some principles which are -
characteristic of any model for developing a
SET. A SET should be flexible in order to
maintain an up-to-date technology. There should

‘. be periodic checkpoints to enable personnel to

“be brought in tune with the established
technology. - It should allow room for
experimentation with modern ‘software practices.
Finally, it should allow integration of software
tools to automate manual software activities
where possible.. o

It is good practice to establish periodic
baselines during the SET development process
because developing a technology is generally
disruptive to an organization. It frequently
changes the way.people produce and maintaip
software. It requires training and makes old
procedures obsolete while requiring that new
ones be adopted. To minimize this disruption,
there should be ‘planned periods during the SET
devalopment process where techmology is
atabilized so that personnel can upgrade their
skills and put into use the software engineerin
principizs formulated thus. far. .

Figure 3 presents & sivplified model for
developing a SET. 'lhe tarzeh SET developed from
applicatirn of the modei must exist within the
boundaries of a particular envirorment.
Environment represents a wulti-~dimersional
concept thut identifies the many components of
an organization snd thetir velationghips. Some
important attributss of xu ADP environment
include- ’

size of the software orgamnization &
personnel mix;

type of organization (private,
government, etc.);

applications-(scientifié, MIS) and
language(s);

- ora
o
-

. profile.

: -y
" development enviromment (batch,
interactive);

program running environment (batch,
real-time, etc.);

computer type; and

involvement in tools develoment [4].

These attributes should be evaluated and
quantified in order to compile an organizational
This profile, coupled with kéy SET
elements will serve to.establish a custom fitted
SET baseline. Establishing a baseline SET will
require a proper environmental mix of SET,
elements within the software life cycle stages
that are\balanced against-an organization's
needs and requirements.

4.3 Identifying Standards, Procedures and

Quality Assurance :

Identifying standards, procedures and quality
assurance for a SET is a large and sometimes
confusing task. First there are questions such
as what software practices should be

.gtandardized and, what processes should be

developed? Each organization developing a SET °
must eventually answer these questions. '
Although answers to the questions will be
different, the items to be considered can be
grouped into categories. Only then can the

_translation of these categories into
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preliminary,. and ultimately, fully documented
standards, procedures and quality assurance
methods that fit into an organization's
environment be performed. -

4.4 Standards Considerations

One important area of consideration regarding
standards is that conformance with Federal.
information Processing Standards (FIPS) is a
regulation for all Federal agencies. However it
should be noted that there are waiver procedures
for most of the FIPS. The FIPS Publication
Series of the National Bureau of Standards, U.S.
Department of Commerce [6], is the official
publication relating to standards adopted and
promulgated under the provisions of Public Law
89-306 (Brooks Act} and under Part 6 of Title
15, Code of Federal Regulations. These .
publications consist of guidelines and mandatory
standards for the utilization and management of
computers and automatic data processing systems
used in the Federal Government.

4.5 Integration of Software Tools

The introduction of-a tools oriented SET into a

_1'45
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1 .
software development environment wxll impact the
organization in several ways. - To cope with
these changes organ1zatxons will n ed to-

. institute a methodology for software
development based on life cycle;

. establish and enforce orgaqizational
standards for software devz:opnent;
supply automated tools to facilitate
the software development prlcess;

. 4 :
supply training for personnel in modern
programming practices; and

provide the management'commltment to
develop and sustain the enviromment.

The recommended approach to introducing a tools
oriented SET into a software developﬁent
environment is to solicit an abundanqe of user
involvement; proceed to successively more
advanced levels of the SET in.a systematic,

. .|,
coordinated manner; constantly obtain ‘and

. evaluate feedback; and if necessary,imake

continual changes to the SET to ensure its
appropriateness to a particular: env1ronment. A
properly integrated tools oriented SET will
yield more maintainible and error-free software
more productive programmers, improved software
management, and dramatically 1ncreased control
over the software life cycle’ process

i

5. Phasing Into the Technology

5.1 Tool Identification

SET is an evolutionary concept that migrates
from a simple technology, through several higher

levels to an advanced (state-of-the-art)
technology. SET technology differentiates from

" existing software development methodolog1es in

that it relies heavily on the use of tools."
Tools are used to accelerate the development
process and to take advantage of extensive
simulation and modeling techniques which
facilitate high quality software development.
Examples of these include- ’

. simulation tools;
development tools;
test and evaluation tools;
operations and maintenance tools;
per formance measurement tools; and
programming support tools.

Early software development enviromments
consisted of a compiler and & linking loader.
Later enviromments included text editors and
debuggers, informal requirements and design
methods, and simple programming standards.
new methods and software tools have been
formulated and built during the last decade.

Many

7).

products.

A software tool environmental review requires an
analysis of products generated during a software
development project and the methods and tools
useful in generating those products. The
software life cycle model emphasized the
importance of both intermediate and final

Each unique software life cycle model -
has classes of products associated with
particular life cycle phases while others
transcend them. Requ1rements definition
products serve as a means of communication ‘with
the customer, They are often informal and may
simply be notes tacked up on office walls,
compiled in a cut~and-paste mode. They may also
be expressed more formally in a language like
Structure Analysis and Design Technique (SADT)
Requirements specifications are formal

. contractual documents that define the system to

-be built.
requirements def1n1t1on\snd2 ideally, are

They are constructed after

represented in a formal language on graphical
notation such as Problem Statement Language
(PSL) /Problem Statement- Analyzer (PSA) {8]. A
test plan based on the functional properties of -
the system described in the requirements

specification is also an important product. The

- plan should define both test data and expected

reésults as well as procedures for running the
tests [9].

The design of a system is often divided into
preliminary (or architectural) design and
detailed design. Both phases result in design----

. products that may -be either informal prose

descriptions or diagrams that are generated
using a formal design methodology such as
Structured Design [10]}. 1In-addition to system
documents, the preliminary design may also.
result in the. generation of "build plans." Build
plans describe the order in which modules or
parts of the system are to be designed and
built. The preliminary design may also be used
to construct schedules, budgets, resource '
management procedures, m11estone charts, and
maintenance procedures [11].

In addition to the source and object code
modules, the programming stage involves the
construction or modification of management
products (budgets; schedules, etc.), user
manuals, dlscr§pancy reports, and cPde-based
test plans. The ‘programming stage also includes

“- the generation of reports of all testing and

code analysis activities. Validation products
ensure that the software system meets system
functional specifications and requirements, and
also that as many as possible of the "Defects"
in implementation are removed.. This provides
strong indications if the system is constructed
according to the design document and meets all
appropriate criteria as identified in the
requirements/specification document. . Tangible
products will appear in the form of exception
reports and/or warnings about anticipated
problems. Test and evaluation tools and
techniques can be used to support the validation
process. '
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.Systems operation and maintenance are concurtent

activities. These are products important to and
either used or generaqad during maintenance.
They include configuration specifications,
change control procedures aﬁd'plahs, regression
test data and results, cross-reference :
documents, and all requirements and design
specifications. The review stage of the
software life-cycle is an ongoing activity
within each stage. It is highlighted at key
milestone points where products from one stage
enter into another. Therefore the products
generated in each life-cycle stage constitute
the review products.

A tools oriented SET is an evolutionary concept
that allows migration to successively higher
levels of SET by implementing more complex tools
and their related standards and procedures.

This migration process moving into an ever
increasing tool complexity environment will be
both time consuming and difficult and at 4

.minimum will require extensive planning and

coordination. Obtaining top level management
commitment is a vital step in the process.

5.2 Tool Integration

" A common arguhent agginst tool integration is

that it imposes an ihflexible development

methodology on the development staff. One

imagines a complex.tool. To use Tool A, you
must first use Tool B, and the output from A is
always processed by C and then D unless there is
input from E. The idea that an iritegrated tool
environment must consist of a complex structure
of interconnected tools is misleading. The
fundamentaf feature of some of the best known
software support systems is not their .
interconnections, but the use of common kind of
data objects by all tools or facilities. The
properties of the basic data objects and the
knowledge that different parts of tHe system
have of objects of this kind characterize the
degree and type of integration within the
system. t

A software engineering database can be used to
build an integrated software-development
environment. The database provides an
integrating and unifying medium for interfacing
tools without forcing them into a complex
structure of interrelationships. Tools obtain
their information from the database and return
their results to it without having to interface
directly with other tools.

An integrated tool system which uses a common
database eliminates the need for multiple copies
of the same information. The existence of
different copies of the same information for
different tools often creates a consistency and
synchronization problem. Every time one version
of a collection of information is updated or
changed, other copies must be changed. Both the
expense and tedium of this virtualy rules out-

B

. an initial SET.

the practicality of using certain collections of
tools unless they can be modified to work off
the /database. Tools which satisfy the
requirements for tool compatibility
(parameterization of input/output:locations and
the ability to call one, another) can be attached
to a software engineering database with '
ifterface for "data translator" routines. In
order to maintain flexibility, it is important
to avoid building bridges between pairs of
tools.- The bridges should instead be built
between the tools and the database [11].

5.3 Benefits of SET Baseline

Entry into a SET is usually indicated by
establishing a SET baseline. This is the. .
minimum set of tools and technology needed for
It is the starting point from
which to migrate to a more advanced SET
technology. These requirements represent the
critical mass of a SET. They also translate
into a series of benefits which have common
applicability to any installation. Therefore,
an initial baseline SET would- .

. increase productivity;

. upgrade skill capabilities;

. automate routine aspects of software
design; and '

. reduce the time and cost Zf software
maintenance ‘

For example, software tools meeting baseline
requirements could provide an increase in the
quality and quantity of software code, be much
simpler to use than writing new programs, have
expanded software design capabilities, and be
self documenting. These tools together with the:
standards and procedures to use them could
constitute an initial baseline SET.”

Each organization should evaluate its own
position in relation to a SET. Any enviromment
that provides tools that supply at a minimum
these stated benefits, can bé said to have:
established an initial baseline SET.’

Once the baseline technology is in place, and
personnel have been trained in its use, the next’
technology "release" should be planned.
Modifying a SET requires a certain amount of

.overhead, such as the retraining of personnel in’

the usage of new or enhanced features. For this
reason, periodic versions (or releases) of the
SET should be planned and implemented,
incorporating more advanced tools, modifications
and/or enhancements to the existing standards .
and procedures, etc. The SET documentation
should be appropriately updated, and personnel
trained in the use of the new enhanced features.
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5.4 Establishing High Pay-Off Baselines First

The net effect of establishing a SET baseline
technology is to stabilize an ADP organization.
"Upon reaching a SET baseline, an organization
will be in a much better position both
managerislly and technically to proceed toward
the various higher levels of. a tools oriented
~—8ET.

benefits in cerms of time and cost [savings. The
integration of software tools and advanced

' management techniques, such as structured
walkthroughs, chief programmer teams, and
program reviews offer high pay-off potential ‘for
SET. Some software development techniques which
have consistently been found to offer high
pay-off potential ‘when used with a tool oriented
SET include-

The use of software tools offers ijﬁediste

requirements analysis and validation;
baselining on requirements
specification;
complete preliminary design; and
process design [12] ,
Installations to maximize their payback from -
investment on new development should concentrate
on software tools and technologies which apply
\\ to the requirements and design stages of
\ software life-cycle management. Mature
\\ organizations wishing to maximize their
' \\\investment return on existing software should

\corcentrate on programming and software
vnlidation tools.

\

5.5 Training in Relation to SET

The ‘types and quantity of training required for
a SET depend heavily upon an organization's
personnel background and the make-up of the SET.
In most installations, data processing personnel
are not trained in the engineering disciplines.
Therefore, a significant upgrade in skills will
be necessary so that individuals can take full
advantage of the new technology.

Any training plan should utilize a balanced-
approach to provide adequate training to develop
all skills required at a particular job level
and category within a SET.

The identification of tools, quality assurance,
standards and procedures to be used at critical
points in the plan is important. Tool and
technique training properly integrated into the
traiping program will ensure that an
organization is in tune with state-of-the-art
technology

A SET will progressively lead an ADP
organization toward ajstate-of-the-art

- operation. Employees| will be exposed to a
rapidly changing, complex environment. Everyone

Q ;..)
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.Manufdcturing (CAM), with emphasis on

‘technology

connected with the SET will participate in the *
changes and feel its affects which, without
proper training could become highly stressful.
The mitigation of stress during this dynamic"
period should be a major objective of the SET
training. .

5.6 Maintaining an Up-fo-Date Technologyi';f

To maintain a continuing level of technology ‘'
that will keep pace with a rapidly moving
software industry, an orgarization should
congsider either expanding its current.
1nformation procedures and facilities or s
1nstituting new ones to ensure its personnel and
technology stay up-to-date. Most dsts - »
processing organizations maintain some type of -
library. It may be formal as in the case of . a '
central library or as: informsl as books on a
table in a conference room. The purpose of the
library is to provide a ready source of :
reference on information relating to:data-
processing Just as a data.dictionary is v1tal
in the management and use of a DBMS, a ‘current:
library is vital as 2 rich source of. information
on system's development and management

Exposure to modern concepts in tools. and -’
technology can help to increase individual '
productivity Concepts and disciplines being'
taught in contemporary academic institutions are
quite different than those taught in prior ) ’
years. Entirely new disciplines, 'such as-
Computer Aided Design (CAD) and Computer Aided

qusntitstive evalustion and return on 1nvestment
require much more than knowledge of theory (13}.
Many data processing professionals have: either,
limited exposure to these concepts or no formalf
exposure. SET requires an-organization to. . '
re-tool its enviromment with software tools and ;.
In conjunction with' this, SET: w111;,
require individuals to re-tool (train) using
quantitative skills to properly take full
advantage ‘of the new tool technology.

Success in implementing a SET is a direct result '
of a balance achieved between software.life - :
cycle management and the applicationm of a.. .
software tools technology.: The balance is o
delicate and is maintained 1nformaly by ueing

the standards and procedures review process and :
formally through periodic pro;ect meetings with -
upper level management, It is at these meetings
vhere SET performance is measured against the.  —~°
project plan, future milestones 1dent1f1ed; and .
specific direction is provided from upper level

_ management to ensure that the SET technology is '

kept on track. These top level management - _
meetings are vital in the SET"project management .
process. They provide performance’ 1nformation DREEERN
to upper:- level management on- SET project - R
per formance and provide the opportunity for
lower levels of ADP mans3ement to receive.
specific feedback on the SET proJect as well as
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_initial baseline SET. development plan..
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in a planned balance within a carefully

any new information which could-impact-or-
enhance the SHET technology.

s . ¢

6. Description of a SET to be Developed

6.1 SET Composition

A SET is composed of standards #ud gu1del1nes,
procedures, qhality assurance, tools, and
tralnxng applied to software life-cycle stages

engineered environment. The technology reflects
the process of replacing manual with automated
functions withim a software development
environment. The development process is
characterized by the identification of basellne
technologies which incorporate software tools
and techniques with succeeding baselines S
equating to higher levels of software quality,
performance and productivity. Baselines are
custom engineered for a partlcular organization.
They identify criteria to measure performance
and specify the required tools and technology
needed to reach a target performance plateau
spec1f1ed by and for an organlzatlon An
organization adopting a SET enters into a
constant review and evaluation process to ensure
their conformance with existing SET baseline
requirements and to identify the tools and
technology for higher baseline SET levels.

The recommended SET development plan for a
software engineering technology should include

“the following major phases:

Existing engineering analysis,
SET baseline planning (goals),
SET baseline development/upgrade

The exact nature and mix of software tools and

techniques must be determined during the initial

basellne identification process. Areas of
software technology having the highest pay—off
should be given prominent consideration in an
_The
composition of any technology is shaped by
factors within the particular organization, such

‘as its management structure for software

development, its staff, its physical workspace
and computer environment, and its applications.
As a resutt, different organizations may- have
different software engineering technologies.

The initial-baseline SET should concentrate on
the programmatic software enviromment. Aft.r
the initial programmatic oriented SET has been

Iished, thé technology should be expanded

- to encompass other application areas.

Q
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Subsequent SET baselines should include more
advanced tools and technxques

6.2 GCeneral Workflow for SET Development

The workflow for SET development is a dynamic
process subject to many factors having
environmental and technical impact. A properly
engineered and integrated SET Matrix translates
into a level of a SET. Replacing manual
functions in the matix with software tools and
techniques and institutionalizing their use
changes the complexion of the matrix and . .
pos1t1ve1y impacts the technology. Technology
levels 1dent1fy higher plateaus of software
engineering in the form of organizational goals.
They identify and define target functional areas

" which can benefit from a carefully engineered

. SET plan.

- - a._.., -

148

-a baseline SET.

The plan should define the steps
necessary to upgrade the SET by the application
of software tools and technology A technology
plan is composed of a series of functional
upgrade plans. Each particular plan does not in
itself represent a technology level but rather

a small portion of one. The combination of
individual functional upgrade plans targeted to
meet specific organizational goals at a planned
level of productivity and performance constitute
The completion and
institutionalization of all plans within a given
technology level identifies that an organization
has reached that baseline level for SET.

6.3 Subdivision of the SET for Work Assigmnment

SET implementation requires detail understanding
of the technology and its organlzatlonal
considerations and impact. A reflection of this
understanding is the development of a plan which
identifies software life-cycle stages and is
broken into distinct phases.

“"Establishing standards, identifying and
acquiring the appropriate computer resources
needed, introducing a few mature tools and
pfogresslvely building on these capabilities is
a good approach. Pr1or1t1z1ng the steps and
identifying and acquiring high payoff tools and.

~techniques need-to be-clearly-mapped-out- - Thig——-mm

should be done at the outset and reviewed along
the way" [14].

Prior to entering a tools oriénted SET, an

organ1zat10n should plan 1n1t1ally to phase into

a SET by establishing a baseline technology.

The advantage of this would include-
stabilizing an organization;
establishment of a pilot project;
phased tool implementation;
identification of high payoff areas; '
testing of SET on limited scale; and
slow exposure to software tools.

The formalization -and eventual -~

institutionalization of a SET is an extremely

complex and delicate-process. Adding to the
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complexity is the fact that the SET undergoes
continual evaluation with identified changes

being incorporated back into the techmology. A

good first step in establishing a SET is to 1.
experiment with the tools and technology. This
experimentation shculd be conducted on a small
scale utilizing several types of software tools.
This testing may identify difficulties and
problems that previously may have gone
undetected. The realization that these exist
may cause a re-evluation of the SET Development
Plan. The intent here is to advise slow
progression into a SET environment. Changes in GTe Tools Project: A Means of
scope and content may be required to properly Capturing Technology and Improving .
tailor the SET plan to the environment. Some of

. . ) - Engineering, Report 0SD-82-101, Office of
the project milestones scheduled to be included §3?E;3?€_3§Velopment, GSA, February 1982.
in the baseline SET may better be handled at )

higher baseline SET levels. This determination
.can best be performed after an experimental
stage where organizational SET limitations can
be identified and factored into a strategic
organizational SET Development Plan.
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Characteristics of Sc“tware Development Team Structures

and

their Impact on Software Development
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1

Several of the team structures'proposed in the 1iteraturé such
Surgical

|

Chief Programmer
Team advocate a separation
ipesulting in. specific roles
, analysis of these roles with

" requirements is presented

these team concepts to specific

Based on the definitions of

team structures requirements for

Tean,
of

and suggestions are made how to\select_the most
types~ of
Depending on how well

structure for different

. characteristics.
requirements match

problem and

can be derived pointing out possible
action
team memberﬁ\\pecpme dissatistied.

occur so that corrective
and/or budgets are overrun and

I. Introduction

the beginning of programming
programmers were working on
were big and complex enough that they had
to organize and work in groups. In the
beginning these groups were highiy ad hoc
and unstructured which in many ‘ca’
resvlted in a 1lot of entropy and low
quality but costly software. The
programming team~ as a more - Sstructured
form of organization was invented as a
many a chaos oldtimers call war
stories. Pretty soon people realized
that just as__a_progranm needs not Jjust
any, but a spceeific  Kind—of structure,
human = interaction between
working on the same problem needs
structure, too. One of the first team
concepts which was created was that of
the Chief Programmer Team (CPT) /BAKE72/,
/MILL83/. Many. of the high expectations
this concept generated were soon
shattered, however, because the problems
with software development did ~not ---go

Almost sinece
the problems

for
respect
which

cases

prograamers

IL 60616 : )

as
Revised Chief Programuer
for a programming team
members on the team. An -
to personality and task
enables a better tailering of
projects  with a given -staff.

Tean,
tasks
the

the various roles of the different

a particular position are derived

appropriate team
‘projects and known people
team structure and its

pe6b~e characteristics indicators
problem areas before they
can ‘be taken before schedules

\ N

\Eway. Other team concepts were born,
most notably among them the Surgical. Team
(ST) /BROOTS/,  the Revised Chief
"Programmer Team (RCPT) /MCCL81/, and
Egoless Programming (EP). /WEINT1/.  The
problens, i.e. cost and schedule
overruns, . unreliable “software, = high
turnover still persisted, in spite of
these new. organizational ~forfs ~andim——
design, - structured

spite of ‘“structured
programming, * structured’ testing,
might be

structured walkthroughs - one
‘tempted to séy structured anything.

People started ‘investigating the nature
of these structures, for instance how
team structure, ost notably reporting
structure, influenees program structure
and they realized that indeed it does to,
a great extent. 0 the other hand we
know that most problems have an
indigenous structure, ‘e.g. passes of a
compiler or the hierarchical structure of
many application programs. The question
then becomes whether the team structure
and the _ structure of the' problem are
.- )

T~
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.assembly-line.work_ is known to have.

compatible. If they are not,

difficulties arc bound to arise, because

following the structure

against the grain of the the
structure and vice versa.

team then goes

problem

It is important to realize that the need
for structure in the product stems from
the desire to reduce the complexity of
the problem and its solution by
partitioning it .into logically
self-contained parts having the simplest
interfaces possible. Likewise the
motivation underlying the definition of
programming team concepts arises from the
need for dividing =  tasks into
self-contained parts which can then be
assigned to members of: the team and
carried out by them with the least need
further clarification and even
compunication with other team members.
Another motivation was specialization.
This is rooted in the belief that a
is more
economical, because most people are not
equally talented or skilled in all tasks
during the software development process,
and if we can assign the most highly
skilled person to a task we get better
guality and higher efficiency. This is a
concept which sometimes has been employed
to advantage .in the software development
industry as it has in other industries
since Smith in 1776 first advocated the
concept of division of labor /SMIT76/
which was later taken wup and further
developed by C. Babbage in 1832 who
emphasized decreased learning time and
increased skill due to repetition as some
of the advantages of specialization
/BABB32/. Later "scientific management”
/TAYL11/ went even further in
specialization leading to the attitude
underlying assembly line- - work. In
programnming we also have the pos..bility
of considerable specialization and
standardization concepts which, taken
the extreme, can lead to assembly line
programming with all the pros and cons

Through research
psychology we

in ergonomics and
have learnt that different
degrees of specialization require
different personality characteristics.
For example, if a very strictly specified
and standardized task is assigned to an

individual with high creativity needs and
needs for high growth and responsibility,
this person will very likely feel bored
and dissatisfied because these nreeds are
not being met. Considerations like these
lead to anotper set of factors which have
tc be considered: personaiity traits
which either facilitate or impede a set
of task assignments within a chosen team
structure. Lastly the team has to fit

151
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‘the

to.

into the overall opganizational
structure, otherwise too much external
friction or too 1little involvement with

the rest of the organization may result.

review
team
EP,
to
of

The remainder of this paper will
most commonly advocated
structures, i.e. CPT, RCPT, ST, and
and analyze them with respect
personality requirements and degree
specialization involved. It will
investigate the types of projects which
are most suited for which team concept
and present a set of guidelines how to

pick the right environment for the right
task.

II. Review of Concepts in Task Analysis
and Design

As pointed out earlier, the . advent of

programming team structures was motivated
by ~the need : for specialization. One
improvement hoped for was a decrease in
the overhead effort due to the need for
comnunication between all people who have

to interface with each otheri A second
was that we would no longer need the
"renaissance-nan (or .Wwonan) of -

programming" who had to be able to do .all

jobs involved - in software development
equally well. Since people often have
‘very specific specializeq talents, this
notion had been rather pnrealistic to
begin with. Programming is a complex
task involving a multiplicity of
functions and at times as we know from

software for space flight to- software for
automatic shutdowns of nuclear reactors
may be rather eritical with a high need
for reliability.

Before selecting - a ‘specific team
structure for a software development
effort we have to investigate- the

following dimensions for an adequate fit:
1. Degree of formalization to enable
proper management control for quality,
schedule, cost, etec. according to goals

.and._priorities.

2. Interaction with environment. A
development team develops software for a
user and thus has to relate to the user
or its representative. Furthermore the
team is also . part of the organization
within“which it is placed.

3. Product structure. This refers to
the final software product as well as the
products of ~‘intermediate stages
(requirements, specifications, design,
etc.)

y, Needs of the individual
requirements for the individual.
inqlude the - degree of clarity
assignment, the amount of
needed as well as an
adequate task attributes
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‘'whith very

We need
what is called task analysis
and design. One of the theories which 1is
helpful in this context is ‘the Job
Charactéristics Theory by Hackman and
Oldhan /HACKT76/, /HACKBO/. This theory
states that there are 5 different core
job dimensions which influence three
major psychological states, the primary
determinants of motivation. The 5 core
job dimensions are:

% skill variety - how
skills does a job require?
% task identity - to which
job done from ©beginning
visible outcone

t task significance
the job have on the environment

% autonomny - freedom and independence to
do the work (schedule and procedures)

* feedback - how much information about
quality of work performance is given
during the work

individual's motivational needs.
to look at

many different

degree 1is a
to end with a

- what impact does

‘The 3 major psychological states are:

% Experienced meaningfulness of the work
* Experienced responsibility for work
outcomes
£ Knowledge of results

e
Obviously not everybody needs the same

anount of task significance, autonomy,
feedback, taslk identity or skill variety.
Fow much an erployee needs in these core
arecas in order to experience that he/she
is doing a meaningful job providing
enough responsibility and knowing enough
about the results to be satisfied depends
on that person's growth need. Some
individuals require high scope tasks
high 1levels in all job
dimensions mentioned, others become
overly stressed when a task requires too
many skills, is too loosely defined (too
much autonomy) or does not provide
instant feedback at the end. Beyond job
characteristics we consequently have to
look at the skill lecvel of a person (the
nore skills tre less stressful a
situation, but an overly skilled person
may get bored) but also at the three
basic work motives:

# task - performing it and becoming more
skillful

# prelationships - popularity, interaction
£ influence andé direction over people
llotivation can be positive or negative
and vary in intensity. Ve have mentioned
taslit oriented motives, external stimuli.
Internal motiv%&grs are personality
traits. It Chas been said that DP
professionals ha¥e a very high motivating
potential due to their high: growth peed

.on current

engineers (/STEV77/). This usually also
means that their skills in this area are

not as well deveéloped and/or that

experience a higher stress level Wwhen
faced with such tasks than people with
higher relationship needs. Stevens and

Krochmal represent that these personality
traits result in the following "turn-ons"
and "turn-offs" for the individual
(/STEV?7/, p.168):

Turn-ons: o

1. Moving forward on project when he/she
feels it is appropriate, having and
maintaining control.

2. Being able to measure own progress.
2, Having to kez2» touch only with
project progress (that affects him/her).

4y, Brief, 'to the point, pragmatic
compunicati

Se Practiéal work

6. Personal hoals, in specific project

goals.

Turn-offs:

1. Waiting for polities,
he/she cannot control. .
2. HNot knowing how he/she 1is
how work is progressing

3. Having to keep up with things that
don't directly concern him/her, Coe
administrative meetings.

etc. or things

doing or

b, Policy statements, personnel forms,
regulations.

c. Having to remember feelings,
birthdays and social events.

6. Group concerns and organizational
goals.

Although some of these traits shed light
problems 1in software project
management, notably staffing and, control
(/TUAY82/), and explain the preoccupation
with tools and development methodologies
versus Dproper ranagement procedures
(/70LN82/), this 1list of motivators and
demotivators should be regarded as a.
checklist for traits to be considered and
to evaluate rather than assuming that
they are always present to'a high degree.
After 211 individuals do differ. If we

vant to select the proper team structure
for z softuare developmeat effort we have
to look at these factors to define ‘tasks
with the proper attributes for the -
members involved so that high ‘internal
work notivation, high quality vork
performance, high work " satisfaction and
low absenteeism and turnover is .
facilitated 2s much as possible. With

these thoughts in mind let us now turn to
a review of the individual tean
structures. '

(/COUGT8/) whick is connected to the work III. The Chief Programner Team (CPT)

rmotives task and influence and direction,

but that their social needs The CPT provides a high degree of

(relationships) are low. This is very formalization within a strict

similar to the motivational profile for organizational Structure, clear
152
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leadership through the Chief
possibility for specialization

and the
through

functional - ~—separation. ---The - -reporting. ...
structure within the team is  explicitly
defined, as are the relationships between

teanm members. Some functions are
explicitly defined. The rigid structure
facilitates management control,
visibility of product and personel,
comnunication and product structure. it
also tries to guarantee continuity by
ensuring that at least two team members,
the Chief and the Backup programmer are
familiar with every aspect of the
projcect. The nucleus of the CPT involves
the following individuals:

1. Two technical experts, the Chief
Programmer and the Backup Programmer.
While the Chief Programmer is the
undisputed technical 1leader who is
responsible for the team's success, who
develops -~ all documents of the early
phases (requirements, specifications,

design), who codes and tests the critical
parts of the system and (closely) guides
and supervises the other tean members,
the Backup Programmer although he does
not have the decision making power of the
Chief Programer, acts as a backup leader
and peer to him/her.  As such he has to
be totally familiar with the project in
order to be able to take over leadership
when necessary and to participate in all
important technical decisions. He is
responsible for the test plan and also
usually does research work for the Chief
Programmer. Obviously these two
functions require considerable expertise
in software development, the Chief
Programmer also has -to have sound
management experience. The other
functions do not require technical and
managerial expertise at this high a
degree. '

2. The clerical assistant or programming

secretary makes sure that the documents
are current and visible and maintains:
libraries, test data,

test results and
project documentation. '
3., The programmers are Jjunior personel
who implement the .code according to the
Chief Programmer's directives.
Optionally there may be a project
administrator who reports to Chief
Programmer and takes over
adninistrative tasks.

When we look at the four team dimensions,
we can see that this team concept rates

the
some

very high in terms of dimension 1, degree '

of formalization.
Chief Programmer
correctly there

Provided that the
does his/her job
is -adequate possibility
for management control for quality,
schedule, cost according to priorities
and goals the Chief Programmer sets for
the team. No conflicts arise due to
ambiguous reporting Structure, or
conflicting goals
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look

~enough to the

-what the software's

..need for

of the’

set by several people.

The team is relying for interaction with
its environment wholly on the chief
programmer....His responsibility is .  to

talk to the users as well as to represent
the team to the rest of the organization.
Since the team structure is hierarchical
the product structure tends to be as
well. Intermediate
requirements, specifications tend to be
uniform reflecting one basic philosophy,
since they are the work of one individual
(in collaboration- with the Backup
leader). Often they show hierarchical
structure, because they already reflect
the division of labor for the Junior
Programmers. This role definition
reflects the need for few,
individuals during the early phases
software development (/MYER76/).
at the requirements for the
individual team members there are several.
classes: Highly qualified (both
technically and managerially) individuals
for the positions of Chief Programmer and
Backup Programmer. They have to possess
good people skills and be adequate
comnunicators in order to relate well
user (representative) to
understand what the wuser wants. Second
they have to be managers who can plan and

of

control, set goals and priorities and
assign tasks, evaluate progress and
report on progress to ‘the higher

nanagement level(s).
be technical experts 1in
application. They have to
decide which aspects need to be
investigated for a feasibility study,
functions will be,
human/machine interface will
look like, as well as being able -to make
the major design decisions.
Programmers on the other hand do not have
to be quite . so universally- gifted.
Depending on the level of detail of the
design specification they actually may
have a very structured, specialized
coding task to do with little freedom or
room for creativity. .Once the work is
assigned and specified there is 1little
communication _and due
very technical level at which the Junior
Progranmers work they do not have to have
very outstanding communication skills nor
the skills involved 1in requirements
analysis or specification writing.
Management skills are obviously not
needed by them. The programming
secretary has to possess skills in Vord
Processing, Technical Writing, some
programming experience as well as the
ability to communicate with team members
about such issues as change control and
document preparation. ‘

the field of

be able to

what the

From the explanations so far, it is quite
obvious that two of the people in this
group have to possess rather high level
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skills in"technical and management areas,
the Chief programmer and the Backup
progranner. The other  roles are more
specialized. The Junior Programmers are
only involved 1in the implementation
phases. The programning ~secretary
fulfills the role of a comnmunicator and
standards bearer, again aa specialized
function. The adminstrative .assistant
is, although involved throughout the life
cycle, assigned administrative tasks
only. If wWwe try to rate these roles in
terms of their core job dimensions, then
the CP has the highest ratings in all 5
dimensions. This can be very positive
for an individual with high needs in all
these areas, but can lead to
over-activation through. stress and to
role-overload with the resulting decrease
in job satisfaction. The CP also has to
be fairly well balanced in his skills and

work motivation in_ all three areas:
task, relationships, and
influence/direction. If we have an

overenphasis on one or a deficiency 1in
another there may be problems. This is
clearly pointed out in a critique of <the
concept (/MCCL81/) which mentions the
dangers of (a) expecting too much from
the CP, the "Superprogranmer", or (b)
having a powerhungry primadonna at the
helmn (imbalance in the motivational
area). Case (a) can be dealt with
through task redesign by delegating some
of the responsibilities, the most obvious
being along major skill boundaries which
span the entire software lifecycle:
managerial, administrative, and

technical. Another possibility is to do

this according to phases: requirements
and specifications versus design and
implementation. Since a considerable

amount of communication is involved in
either solution it is not a very  good
idea to separate the functions strictly

along one or the other of these
dimensions. It leads to too- much
compnunication effort between the

different "commands"™ as responsibilities
are shifted, unless very strict standards

‘are imposed which depending on .the
personalities involved may not give them

enough of a sense of autonomy to keep
them satisfied.

The second danger McClure points out is
the lack of checks for the CP's ego.
This can basically be dealt with through
a similar approach: built-in delegation
of authority to make decisions, either
rotating decision making power through
different phases or splitting it
according to task areas: adninistrative,
manarferial, technical.

The next question is to whom are these
responsibilities delegated? An obvious
first solution is to the Backup
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‘includes

becoming a BP or a CP. Suggested
additional guidelines for training are:’
‘"#eyaluate growth need and motivations

(what do they like to do)

* evaluate. major skill areas (what are
they capable of or show promise in)

® involve JP to skill 1level in all of
these areas (let JP do some of the work
he wants to znd can do)

* reevaluate ‘additional needs’
notivations (take stock and give feedback
to JP) . .

£ add responsibilities in these areas to
help the JP grow. ;

Obviously this needs time and this
has to be built into the schedule. It is
fallacious to think that learning takes
no time on the job. It does, for the
teacher as well as for the student. . The
idea of creating a good learning
environment had been one of the goals of
the CPT, but the definition of roles was
too static and did not explain adequately
the progress of the JP and how it should
be dealt with within the team structure.
tdditional responsibilities should be
added in all areas of the tasks involved,
on the administrative, managerial and the
technical level with the objective to
expose the JP over time to all the
aspects of work of the CP which now even
teaching expliecitly (another
responsibility which can be delegated: in
degrees). It is also suggested that the
JPs z2re familiarized with the skills of
the programming secretary and the project
administrator, if they are motivated to
learn these skills. ' '

time

IV. The Surgical Team (ST)

This team structure is very
the CPT. Like the CPT it is based on
concept of specialization, but unlike
CPT which enables specialization to the
extent of assembly line programming for
the JPs with the resulting low level of
task identity,. task significance,
autonomy and possibly feedback,  the
Surgical Team (ST) .specializes such  that
task identity anc¢ task significance still
rate high. This 1is achieved through
defining roles for the following areas of
specialization: technical,
administrative, editing and clericzl. In
particular the roles of the team members
are defined as follows:

1. Surgeon

He is the technical manager much the same
as the CP. One significant difference in
the ST is that a lot more administrative
tasks are delegated to the administrator
(who reports to the Surgeon). " This
narrows the .skill variety dimension
somewhat, which had been a cause for
possible role overload in the CPT. '

the
the
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and’

_personel,

similar to.

2. Copilot )
The Copilot's responsibilities in
surgical team are the same as the backup
programner's in <the CPT. In addition,
the Copilot is responsible for
interfacing with other teams. This
additional function enhances the ro¥e of —
the copilot, takes some of the workload
off the Surgeon and gives the cocpilot
some visibility which serves to increase
the sense of influence and importance
which this rcle lacks otherwise.

3. Administrator

The administrator is responsible for
budget and procurement which
includes space, computer‘time,.technical
tools, and also interfaces with
management. This role requires limited
technical expertise, but a good ceal of
administrative knowledge and qualities,
negotiating and planning skills.

¥, Editor

The responsibilities of this function are
to generate all project docurentation.
This requires good technical writing
skills and communication skills with the
other technical nembers of the team.

&+ Secretaries

the

be necessary'to shppo}t-f

One or two nay

the tasks of the adninistrator and the
editora. They are clerical suppori >~
personnel which need typing and

comnunicative skills.
6. Programming clerk

This role is the same as the programming
. secretary of the CPT with the same
responsibilities except for hose which

now have been assigned to the¢ <ditor.
7. Toolsmith

This is a new role specializing . in
providing and keeping operational all
necessary techniczal tools such as
utilities, libraries, cdebuggers, etc.
Part of this function was unspecified in
‘the previous structure and probably
assigned to one or the other of the JPs

on an ad hoc  basis,
responsibility of
secretary.

part of it was the
the progranming
This rolé requires the skills

of a good sysgems progranmer &as well as
"some communication skills, because’ ‘even
if the. editor is responsible for
generating the documentation, _the

toolsmith has to communicate tc hinm/her
what needs to go into then.

8. Tester o

The function of the tester inecludes the
inplementation of the test plan (which is
provided by the Surgeon), creating test
data, test drivers, debug procedures and
the like. It should also include
evaluation of tests and feedback to the
group how well 'they are doing in their
implementation efforts. lfaybe included
could be data collection for a softuare
metrics database which can be wuseud for
empirically founded cost and schedule
estimates as well as quality predictions.

158



Q

ERIC

Aruitoxt provided by Eic:

-to a

.a problen,

see /DEMAB3/. The
-the tester is one which does
not require the constructive ability of
implementihg a coded solution, rather
he/she needs a "daestructive"” talent to be
able to and to enjoy finding errors and
knowing how to go about finding them, and
as many of them as possible. A patient,
perceptive, analytic detail oriented mind
is needed for this job. It is not enough

For mnmore détail
function of

to find out that there is something
wrong, but also where and what it is.
These talents are not the same as those
of a- good designer or of a reliable
coder. N

9. Language Lawyer

This individual is the expert on
programming languages and knows the most
efficient ways to implement the design

specifications as well ~structured code.
This definition specifies the function of
coding. Again this is a very strictly
defined function with a high degree of
specialization.

tean
formal

The motives
structure

underlying this
are to provide a

_structure which enables mangenment control

for quality, schedule, cost according to
goals and priorities. This goal is
obviously met very nicely. As the CP 1in
the CPT, the Surgeon in-the ST has the
power to exercise as much influence and
direction as he/she . sees rit. The role
definitions are even more explicit, and
narrow for sone, than in the previous
team concept. Interaction with the
environment is emphasized through the
role of the administrator (to
management), the co-pilot (to other
tecams),. the editor (roject documentation)
and the Surgeon who is still responsible
for user interaction. Since the
administrator reports to. the Surgeon,
interfacing with management nay have its
problems, because the ‘adninistrator
reporting to the Surgeon may not have
adequate negotiating pover. Product
structure will  again reflect the
cooperation between Surgeon and Copilot
in the early phases and result in'the
hierarchical structure we have seen in
the CPT for the very same reasons. We
can expect uniform project and product
documents, since they are written by the
same person. Vhen we look at the needs
and requirements of the individual, we
can. clearly see a reduction in skill
variety for all functions involved.- This
is one of . the declared goals of the ST.
Tt has also been pointed ~out that
can pose motivational difficulties, if
one of the specialized tasks 1is assigned
person who needs a higher degree of
skill variety. Task identity may also be
because the specialized skills
of the different functions may not - be
needed during the
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. this subtracts from the

~the Copilot
.more equally now,

‘activation due to the variety of

this. .

entire life cycle and

e

sense of  being
job (i.e. developing a
particular piece of softuare) from
beginning to end. Task significance is
very high due to the idea to give teanm
members functions which indicate that
they are experts in their oun rignt:
High task sigrnificance is supposed to
fncrease tean norale and inprove
individual recognition. With the
specialization the way it is proposed
here = comes a considerzable degree . of
autonomy in the area of specialization as

far as procedures .go, but not necessarily
with respect to schedule. The degree of

involved in a

comnunication °~ and cooperztion these
specialized roles reguire prevents . this.
We also have functions defined which may
not be perceived as having  enough
autonomy which actually may be ‘due to
overspecialization (not enough ' skill
variety). For exanmple the language

lawyer may feel like a coding machine and
the toolsmith may not perceive eqough
conhection to the goals of the rest of
the team. Feedback is generally good\ in
this structure due to the need to use
each other's work. The major potential
difficulties in this structure arise due
to limited skill variety whieh may/ be
experienced by the team member as work
which is not meaningful enough. ' The
roles of the team menbers stress
complementary skills and thus are
enhanced by complementary work motives.

‘The more technical oriented roles require

task motivation and depending on
degree of interaction with
environment relationship
influence/direction motivation (in the
case of the Surgeon). .The Surgeon and
are sharing some of the work
but the Surgeon may’
role overload and over
skills
And the degree of

the
the
and/or

still experience

required from him/her.
autonomy combined with . a high
motivational level in “the
influence/direction area may © pose
problems for the Copilot.

The goal of a'good
is remarkably

learning .environment
absent from this tean
definition. And upon investigating the
potenti;l for growth and development of
the team members it is eclear from the
definition what that means: the team
members are recognized as experts in
their respective area and that is it.
They are supposedly experts. In other
words, the concept of a.  Jjunior member
does not come up. On the other  hand Dp
professionals .have high growth needs
(/couGc78/, /FITZ78/), they tend to want
to learn new things and . tend to get .
bored, if they have to do the same tasks
over and over. One solution is to train
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ther outside for new and now more complex
tasks IN THEIR AREA OF SPECIALIZATION or,
more -than one
person; to. add a trainee who during
developrent can learn under the
supervision of the expert. Another issue
then is the  question how to train a
Copilot or & Surgeon. fince all- the
other roles are so specialized, they do
not address . the training in the
multiplicity of skills required from the
Surgeon. The only remedy here 1is to
rotate the prospective Copilot and or
Surgeon through the different functions

on the tean. For some he may only have
to serve as an apprentice, for others he
may have to acguire skills high enough

for the expert position. This ensures
that there is a promotional path within a
function as well as beyond functions.
Adequate promotional paths are considered
prime notivators for continued job
satisfaction as- they provide & pattern
The concept
of apprentices which was added here also
serves to increase the sense of autonony,

of being in control for those roles which
may be perceived as having very little
otherwise (e.g. Copilot, . Language
Lawyer). “

concept should work well,
two well rounded
qualified individuals available who can
adequately fulfill the roles of Surgeon
and Copilot whereas the rest of the teanm
members have specialized interests and

This tean when

and highly

task motivations in the areas defined by
the functions above. They have to
possess a - degree of sophistication
comnensurate with the complexity of the
project. People with a need for high
skill variety are not expected to
function as well in this type of

structure in roles other than Surgeon or

Copilot.

V. Revised Chief Progranmmer Team (RCPT)
This tean concept is a further
developnment of . the _CPT by MeClure
(/11CCL81/) which tries to remedy the
following perceived shortcomings of the

CPT:

# pole overload of CP

£ jnadequate level of autonomy of BP
# environment not open and sharing enough
# project too " dependent on individual
team oenbers (i.e. CP)

* not enough visibility for team to the
outside

# inadequate degree of Tformalization

of
individual's responsibilities :

¥ CP has too much power

She tries to overcome these shortcomings
mainly by redesigning the tasks and
responsibilities of * the CP and the BP,

reduCing the areas of responsibilities of

_administrative tasks

‘coleader's

. other team
‘Coleader's job.

the CP by
that of
administrator who.

new positions,
and that of the
over all
the CP with the
CP now reports
The user liaison
some of the
the CP including all
the user. The
enhanced through
] of prime
responsibilities notably representation
of the teanm to the =~ outside and
coordination of project turnover with the
maintenance group. He also now
responsibility of developing the
plan. The CP only reviews it.

creating two
the user liaison
takes . ..
of
administrative power (the
to the adminstrator).
also takes over
responsibilities of
direct dealings with
role 1is

additional areas

. test

this
then

the
see

structure to
we. can clearly

If we compare
previous two,

that some of the problems of the CPT and
the ST have been overcome. Work and
recognition is more evenly spread. At
the same time there is enough structure
in this. team to enable adequate
management control. As a matter of faect
the tasks are more precisely defined in-
this team concept for the roles of
Surgeon/CP and Copilot/BP than in the
other 'concepts. ~Interaction with the

environment is a lot more emphasized than
before by creating two new positions, the
administrator {(interface to management)
and the user liaison (interface to the
user) and explicitly mentioning the need
for communication to other teams.
Tending . to those needs 1s the express
responsibility of the Coleadere.
Maintenance preparation is another issue
which is not explicitly addressed in the
structures, but here it is the
The team, since it is
not as strictly hierarchically structured

‘'should adapt to a wide variety of posible

-product developed

. 8kill variety
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product structures. Through the primary

involvement of mainly three people, the
leader, coleader and the wuser liaison,
one c¢an still -expect a fairly wunified

~in. a consistent design

philosophy. The function of user liaison
ensures that the product will actually
meet the wuser's needs. Looking at ‘the -~

requirements and needs of the individual,
we see that the roles of the four nucleus
positions no longer require the same
as in the CPT or the ST,
As a matter of faect the four positions of
administrator, project leader, coleader
and user liaison are created by following
the concept of division of labor and
specialization. All technical tasks are
the resonsibility of the project leader
and coleader, the administrator .only
handles managerial and administrative
functions and the user liaison
specializes in user/developer
comnunication. For all - these positions
this means- a reduction.of skill variety
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compared to the CPT. The ST already “had
nade a step into this direction, but
mostly for the roles.other ~than—--Surgeon
and Copilot. Thus the ST and the RCPT
differ markedly in the ‘direction of
specialization: The RCPT reduces skill
variety for the positions most critical
to the first phases of the software
development lifecycle,- whereas the ST
specializes the programner positions, but

leaves the others with a much higher
degree of skill variety. The RCPT
mentions similar functions as the ST
does, but it does not mandate whether
they should be done by a "specialist" or
by several people  together with a
resulting higher skill variety for

everybody. This obviously increases this
concept's potential for skill variety as
well as task identity (which is true for
the four nucleus positions anyway). Task
significance is higher in this concept
than in the previous ones, provided that
the programners are not assigned to the
specialist roles of the ST. The RCPT
rives the project 1leader considerably
less autonony in the

aspects of the work, but
freedom for schedules and
Feedback between the members of the
nucleus is expected to be fairly high,
since they work on a preliminary product
together (requirements, design), .before
the finzl product is ready for release.
The anount of feedback for the
programmners is uncertain and .depends on
the actual work assignments and control
nechanisns chosen which are left
urspecified in this concept. As a result

still 1leaves
procedures.

this concept has a good potential to
structure work such that it, is
experienced as meaningful, that the team
nembers feel they are responsible for

work outcomes and possibly that they know
about the results of their effort. To
ensure this, it is suggested that someone
from the development team is involived in
product maintenance once the software has
Y¥hy that is supposed to

give feedback to ALL members of the
developnent team.is unclear, howvever.  ----—
Due to the degree of specialization of

the nembers of the nucleus we need people
vith different areas of skills and
motivation, managerial skills  and

influence/direction motivation as well as .

rclationship notivation for the
adninistrator. Primarily task motivation
and sone relationship motivation is

neceded for the leader and .the coleader,

relationship anc¢ task motivation for the
‘user liaison, and task motivation for the
progranmers. The skills required are
managerial and administrative for the
administrater, technical and
comnunication skills for the project
leader, and the coleader, an? a great

administrative

_extensions of their

-equally,

deal. of comnunication and negotiation
skilhs and some technical knowledge for
the user liaison,- technieal. skills for
the programners. If Wwe have people with
these qualifications we can use twe RCPT
to advantage.

Cnce again, this teanm concept does not
mention training and professional growth
as part of the concept. It 1is possible

use the suggestions made for
the previous two team structures. of all
the team structures reviewed this seems
to be the most balanced one (conseguently
suited for the most Dbalanced set of
people).

hcwever, to

VIi. Fgoless Programming Team (EPT)

This is the
reviewed. It wvorks
cooperation with no . specific roles or
reporting structure within the tean.
Everybody is responsible for everything..

last team concept to be

on the basis of free

The team works towards a common tean goal ..

in a totally democratic work environment.
If there is a leader or if there are
assigned rules, they have Dbeen agreed
upon by . the majority of the tean members
and are only assigned "until further
notice™ when a subsequent vote changes
the assignments. Thus tean leadership
nay rotate. So can function. The idea
behind this concept is to give full
autonomy .to the members of the teanm. In
other words there is no formalization ‘of
team structure which enables management

control. It is thought to reinforce team
spirit similar t6 the Volvo experinments
(/GYLLTT/, /FOYT6/). This nonhostile

environment is hoped to be an excellent
learning environment because everybody is
involved in everything. One other reason
for advocating this team structure is,
that it is dhngerous and unproductive to
allow programmers to "sit on their code",
because it causes them to regard it as
egos, resulting in
tunnel vision and morle undiscovered bugs.
Also, since everybody is involved
the result should be a better
integrated systen. Code exchange is
mandated as an important part of the
development with the hope of having a
more visible, better readable and more
reliable systen. As mentioned Dbefore,
this concept does not provide adequate
management control. This concept, also
called "autonomous work groups"™, may have
worked in auto production where tasks are

well defined and repetitive, .but the
developing of software does “not have. .
these properties, thus increasing the
complexity of the work significantly.
Software developments also tend to take

much longer than putting a car together.
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The democratic approach often proves to
be much too loose for management control;
not only because the performance of the
individual cannot be -evaluated easily,
but also because, since nobody has the
decision making power to settle disputes
(over design decisions for example), the
whole team can turn into a debating club
Decision making

nay be postponed indefinitely. During a
erisis when leadership is needed,” it is
often hard to find somebody who is

willing to take it over.

Visibility of the development team to the
outside is another problem. There is no
one person to whom the user should talk
to, there is no one person who is in
charge of comnunicating with other teans
or with management. This can .be very
confusing and frustrating for the people
involved. Product structure again tends

to parallel the (informal) team structure

which now depends
relate to each other. The earlier
deliverables such as 'requirements
design specifications probably will
be quite as wuniformn, since a
people will be involved and a
different opinions
and integrated.

on how team members

not

lot more
need to be reconciled

The individuals in a team structure like
to be able to deal with high
skill variety or be able to
task commensurate with their inclinations
and talents. Otherwise they may end up
confused, overstressed and as &. result
experience motivational problems. Since
everybody works very closely together and

is involved in every ‘aspect of the
software developrent process, task
identity and task significance are ‘high.

Autonomy also is rather high to the point
that team members may become disoriented,
confused, or unmotivated, because "nobody
is telling them what to do". Feedback is
built into .the system through working so
closely with others. As a result this
team concept 1lends itself to
nemnbers experience the meaningfulness
their work

of
and knowledge of the results.

It tends to have problems in the area of
perceived responsibility for work
outcomes of the individual.. People with

strong task mnotivation may be very happy
in this environment, but they may also
experience a lot of frustration when they
feel that they know best, but others
don't agree and they lack the
relationship motivation and the
to deal with the
situation. All members have to be
relationship motivated to a degree. If
there are too many people who have
significant influence/direction
they may all strive for being

the group appointed 1leader and severe

have-its:

and-

lot more

negotiate a.
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- :people who

conflicts may result.
to work best when the group is sumall,
because there are 1less people to
comnunicate and negotiate with, when the
nenbers acknowledge each other as equeals,
and¢ when they have enough expertise and
are goal oriented enough to be able to
set and achieve their own objectives.

This concept seens

The claim that this team concept providas
an excellent learning envircnment is only
partially justified. A "new kid on the
block" may in the beginning pose more of
a prcblen than be an asset. Often groutgs
njgolate™ unproductive members by givivg
then tasks whiech do not have a lot of
impact on the group's 3uccess, thus
pushing the member to the periphery.
This avoids' the extra teaching and
communication effort and reduces the risk
for the rest of the team. It does not
motivate the junior person a whole lot
though (low task significance). A better
idea is to have a mentor for the trainee
or convince ‘the group that besides
developing software they ALSO have the
goal of educating the junior § member and
naking this task Jjust as mnuck a teanm
objective as software developnent itself.
To achieve this there must be a clear
incentive (reward) for the teanm, e.g. a
mentor reward (competition) and/or a
monetary incentive for the group, based
on the relative learning achievement of
the trainee. Teaching may be done by
rotating mentorship, so that everybody
gets a ckance to be the teacher.

the egoless programnming
advantages over thec other
of autonomy for the

to its poor management

need for interaction
and communication, it should only be used
for very small teams where :
involved relate well to each other. This
obviously limits the size of the. project
which can be done considerably. It is a
disastrous idea to use this concept with
need close supervision or are

In conclusion,
tean has sone
teams in terms
menbers, but due
controls and high

not able to set realistic goals for
thenselves.
VII. Conclusion

This paper attempted to show how the nost
comnonly advocated team structures can be
used, what their characteristics are,
where their advantages and disadvantages
l1ie and how to select a proper tean
structure based on work - and ~-people
characteristics. Some of the ~ answers
this paper tried to provide have been
adapted from mcthods for task design (  a
good textbook is /GRIF82/). Decause of
space limitations, thc problen of task
and enplo- ¢valuation was dealt with in
a gcneral wvaye. However, there are Jjob
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questionnaires and core job
chapter 5 in /GRIF82/) as well as nmethods
for measuring motivation levels in the
arezs of task, relationship and
jnfluence/direction. Specific evaluation
instruments for members of a software
developnent tean are basically
nonexistent. Ilowever, the mnore general
instruments are quite suitable for this
purpose if one is willing to accept that
it will require somewhat more effort to
use it than if one ahd a more specialized
evaluation instrument. At this time no
experinental results are known to the
zuthor which evaluate projects, their
strenghts and weaknesses as
tean structure - and tean rnenber
characteristics and provide a statistical
basis for choosing team structures. It
is hoped that through joimt efforts with
industry a data base 1lik this can be
developed uwhich can further broaden our
understanding of software d elopryent as
a team cffort.
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SESSION OVERVIEW
MANAGING END USER COMPUTING

‘Thomas N. Pyke, Jr.

National Bureau of Standards
Washington, D. C. 20234

4

We are now in-an environment in which we observe the proliferation of small
computers due to their rapidly decreasing cost along with contirually increasing
capabilities. Fueled by vendor and media promises, direct access to computing
resources by end users, including use of micros, is becoming widespread. Many-
‘end users are requesting or even demanding increased and ihproved access and
relevant support from management. Many in management are encouraged by these
developments and would like to further them, but are increasingly aware thaﬁ
there is a growing need to impose appropriate organizational constraints. i

The objective of this session is to explore and summarize the issues and
motivations in imp]ementing an integrated approach to supporting-end-user direct
access to computing resources. This is done by providing views from-three
perspectives: historical, user, and management.

The first talk will present a historical view of the evo]vingyinfbrmation

resource center {IRC) concept, provide a set of working definitions, and give
focus to the central themes involved. It will exb]ore the objectives that may

be achieved by means of an Iﬁc program and identify those who are likely to be

the driving forces behind and-advocates of such efforts. The talk-distinguishes
between various types of support, including handholding of end users of main-
frame services and establishing microcomputer support centers. It reports on
activities underway to integrate such support and implement ithe various components
of such an IRC program. It will also distinguish between_the “helping" vs
“controlling” nature associated with an IRC. 4
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The second presentation, "“Information Center - The User's Answer to the .
Computer Room," will look at support structures from a user's point of view.
As the end users sense the potential of the new technology in improving’ the1r
individual performance and product1v1ty, what types of help in realizing this
potential are they seeking? What kinds of computing resources do they need7
What help do they need in identifying and evaluating the information
alternatives available to them? These and other questions will be explored.

The final presentation "Support StructureS° A Ménagement Tool," will advance a
management perspective on support structures The view of these structurés as a

“vehicle by ‘which management can foster individual productivity on an incentive
basis and at the same time influence the direction of their use will be examined.
The role. of support structures to ensure adherence to organ1zat1ona1 constraints
(which address such considerations as data integrity, aud1tab111ty, and security)
will also.be explored.

o - 12165




INFORMATION CENTERS: THE USER'S ANSWER TO THE COMPUTER ROOM

Esther P. Georgatos

. Veterans Administration
Office of Data Management and Telecommunications
Washington, D:C. 20420

\
\

ABSTRACT: New "Information Centers," which utilize and promote personal com-
puter use, have gained popularity in many large businesses and are’now finding
their way into the Federal Government. Their most interesting feature is that
the users operate the equipment themselves. While the Centers aren 't capable
of doing the large jobs currently handled by the typical DP department, they
are introducing the user to personal computing and to more advanced data pro-
cessing theories. This paper briefly describes the Information/Center concept
and discusses the establishment of a Center at the Veterans Administration.in
Washington, D.C. /

- KEY WORDS: Information Center, DP department, personal computers, users, data
bases, user needs, Implementation Plan, work environment, Infbrmation Technol-
ogy Center (ITC), staffing, publicity, stand~alone, data manipulation, net-
working, testing, modifications, office automation
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1. Introduction

About a year ago, COMPUTERWORLD ran a car-
toon which illustrated how the role of the user
has evolved through the sixties, seventies, and
eighties. It depicted the DP department in the
sixties as monarch over the entire computer
environment. The user was little more than a
faithful subject. But in the eighties, or so
the cartoon predicts, the user will be the one
holding the keys to the computer room--and the
DP department will be pretty much left out in
the cold.

Whether tnis prediction ever comes to pass
is arguable at best. But without question, the
user's growing involvement in his or her com-

‘puter needs is a trend that is here to stay.
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'In fact, the smart DP departments have already

begun abdicating their absolute authority in
favor of more democratic arrangements.

One of the most successful of these
arrangements involves the operation of a self-
contained unit called an "Information Center.”
While its introduction can't be heralded as the
final solution, it does seem to be an idea
whose time has come.

163
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An Infordation Center is an independent
organization that uses the personal computer as
its primary tool. While it normally operates
within the DP department, many users are estab-
lishing Centers within their own organizations—-
especially when the DP department has been slow.
to act.

&

The Center's main purpose 1s to provide the
user with a mean~ to accomplish smaller jobs not
easi’y handled by the organization's huge com-
puter systems. Its strength lies in its ability
to produce a product quickly and easily, and to
deliver resu’:.s that almost guarantee user sat-—
isfaction. This third seemingly impossible task
can be accomplished because the Information Cen-
ter is unique in one impprtant way: The actual
work is done by the users themselves.

A second important purpose of the Informa-
tion Center is to provide a systematic approach
to the growing arena of personal computing. The
very nature’of the Information Center's imposed
structure allows users to purchase their own
equipment, but at the same time keeps them
within a prescribed structure. This allows for
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networking capabllities and consistency when

outside services are used or aew applications

are added. 1In essence, it puts the DP depart-
ment in a guidance role rather t'.an an oper-

"ating one.

Finally, so as not to forget the user's
current needs, the concept still leaves :he DP
department with its large global systems,
entities that meet needs not possible with
personal computers.

3. The Approach

While the concept of the Information Cen-—
ter is relatively new to the government, it is
not new to business or &cademia. Corporations
have used the concept for several years to bol-
ster productivity and reduce applications back-
logs. Colleges and universities have employed
the concept even longer, having begun making
their data processing resources available to
students back in the sixties.

The success these organizations have
achieved has not only verified the validity
of the concept, it has also helped define the
approaches Centers are likely to follow.

Generally speaking, Information Centers
fall into two basic categories: The first kind
provides users with access to the organi;ation's

_ data bases; the -second uses several types of

puisonal computers as stand-alone units. Both,
however, have the same responsibilities:

o Establishing the user—-friendly environment

. required of the concept .

o Selecting-whatever software tools are
appropriate

o Ensuring that the proper
sible and secure

o Acting as corsultan.s to the user com-
munity on an as-needed basis?

data is acces-

In addition to these responsibilities, most
Information Centers have taken on the task of
training the users.
of a necessity, it is a good way of establishing
good rapport between the DP department and the

Most Centers also operate a library of
trade publications, software packages, and
vendor literature. Others provide space and
plug-ins for users who want hands-on access to
vendor systems they are evaluating for procure-
ment. Still others provide areas where vendors
can display and demonstrate their products. '

1 “The New Info Centers,”
(August 1983), p. 30
"System Development Mythology, "
DATAMATION-(August 1983), p. 276

DATAMATION

This is not only something .
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4. The Implementation

As a means of discussing how a Federal
agency might go about implementing an Informa-
tion Center, it was suggested that we describe
our own experiences in establishing a Center at
the Vete.ans Administration in Washington, D.C.

Since there are only a few examples of an
agency setting up an Information Center without

the help of outside consultants, we hope this-

documentation will prove useful to our Federal
associates who are considering a Center of
their own.

4.1 Inception.

The decision to establish a VA Information
Center was made initlally in February 1982, It
was decided that it should be located within
the DP department, in this case, the Office of
Data Management and Telecommunications. The
physical location of the Center was to be the
VA's Central Office in downtown Washington.

4.2 VUser Needs

Rerardless of the agency function,. every’
Information Center must lay the user's needs ‘as
its functional cornerstone. These needs deter—
mine how the Center should be constructed, in

- terms of both equipment and size.

1

The needs of our users called for a combin-
ation of the two types of Centers discussed in
Section 3. That is, access to agency data bases
was required, in'addition to the services only
stand-alone systems could provide. Equipment
was thus procured that provided for data base
acces:s, computer graphics and statistical model-
1irg, the display of plotted information, and
jnieractive proces~ing of data. .

As for size, the Center not only had to
house the equipment, it a'so had to be large
enouzh to meet oither user needs. e.g., vendor
demorstrations, the training of user per sonnel,
and the operation of a persony’ computing 1li-
braxy. : )

. 4,3 Implementation Plan

After we had definc! the user's require-
ments, we began translating them into au Implae-
mentation Plan, with the intention of meetirg
the user's highest priority ueeds first. How~
ever, we soon ran into several stumbling hlocks
which made a specific, highly detailed plan
difficult- to formulate.

For instance, all electrical work and c.r——
pentry had to be handled by GSA, the lessor of
the VA building. That meant our renovations
were completed according to their schedule, not
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ours..\Consequently, the plan couldn t.be struc-

/
/

tion, the room was ringed wich an electrical

//

—~_~~cuped~{awards—the Genter 's-opening,-3ince_that. .. . ..cable-raceway, to conceal wires and to keep

" poorly lit and in a state of disrepair.
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date was not known. Even ‘the staff could not
be brought together, since the area it was to
share was still occupied by other employees.

But in spite of these difficulties, the
Implementation Plan still proved useful. It
was the rallying point of all efforts and the
means by which schedules and deadlines were
kept track of. Even when delays occurred, we
knew where we were going-—if not necessarily
when we would get there.

4.4 Work Environment

Naturally, the ph&sical’shape of the Center

had to adhere to the room in which it was to be
placed. As can be seen by the floor plan (see
Figure 1.), our room was large enough, but it
was rather oddly-shaped. In addition, it was
Our
Mrst priority, then, was to determine how best
to transform this space into a pleasant, prac-
tical working environment.

We decided that the Information Technology
Center (as it was formally named) could be
divided into seven distinct functional areas,
grouped by use. These included the following:

Office automatlon
Computer graphics
Library

Reception area
Time sharing
Personal computing
Plotting

0O 00 O00O0OO

The room's odd shape lent itself very well
to this concept, as we were able to place the
equipment in separate areas and still have room
left for the library and reception area. 1In
addition, the middle could be lift for demon-
strations, ‘'seminars, and training. We also .had
space available for future needs.

After the floor pian was conceived, atten-
tion was turned to more practical items. To
begin with, the existing chilled ‘air cooling of
the room was not adequate,’;onside:ing the
space we had (1000 sq. ft.) and the amount of
v “Consequently,
new air conditioning ducts were added. A new
ceiling was also hung, to accommodate additional
.light fixtures. A separate power supply was
set up to eliminate voltage deviations in the
laser printer.

After these matters were taken care of,
attention was turned to the overall tone of the
work environment. We wanted to make the room
light, airy, and as esthetically pleasing as
possible. Furniture was chosen to re-enforce
this theme, although comfort and practicality
were the final determining factoirsj. In addi-

i

- instant credibility.
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them from under foot. 7
"

The resulting effeqt was one of freedom
and open space, perfect’for creating a helpful
atmosphere and for enhancing user confidence
and access.

tion was the hiring of the staff.

Figure 1. Floor Plan of the VA Information
- Technology Center (ITC)

4.5 Staffing

The most critical part of our implementa-—
Again, our
user's needs were the .standards by which per-
sonnel were chosen. Since the ITC is geared
more toward technical consulting than .training,
a staff was selected to reflect expertise in
technical areas, including programming, systems
and statistical analysis, modelling, and tele-
communications.

Placing the emphasis on the technical side
will also allow us to more easily keep abreast
of the new technologies constantly being evalu- -
ated, modified, aud developed by the Center.

It has also proved useful in setting up and
maintaining new equipment.

4.6 TPuBliefty T T

It has been said that word-of-mouth adver-
tising is the best way to publicize a product
or service, since it offers the _.advantage of
But in order for it to be
effective, you must have a lot of satisfied
customers. Forcunately, in the few months we
operated before renovations began, the ITC was
in constant use, and most importantly, users
were excited about the concept. From the begin-
ning, we emphasized that the Center existed for
their use, and we still try to get our users as
involved with its success as possible.

16§ o
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" to manipulate data.
for the user to access a data base, make an

S However, we also decided it was important
toTuse a more expansive publicity program, one

that would blanket all of the user organizations
and locations. To this end, a brochure was
written that outlined the ITC's purpose, ser—
vices, location, and use. We also instituted a
bi-monthly newsletter, providing the user with"
information on new techniques, new systems, new
services, and possible problem areas. Finally,
we wrote articles in various VA publications,
describing the services offered and the concept
in general.

All in all, we have been able to cultivate
some positlve opinions about the ITC, which in
turn has kept us encouraged and especially alert
for ways to improve our services.

4.7 Current Status

Ia lass than nine months, the ITC has been
staffed and trained, renovations have been com-
pleted, and host connections are in place. Most
of the equipment is already in use, and the rest
is on order. While we're not yet totally oper-
ational, users have already begun signing up for
demonstrations and training. The ribbon-cutting
{s scheduled for November of this year.

4.8 Future Plans

 While most of our efforts have centered on
{mmediate needs, we have not lost sight of our
responéibility to accommodate the growth and
sophistication of the user. A good foundation
has been laid, and we are looking forward to
some exciting possibilities.

To begin with, our users will soon be using
existing stand-alone units as part of an inter-
connected network. This will enable them to
supply their own data and then to create a
variety of ways to display it. The next stage
will find the user accessing data bases through
telecomnunications and preparing graphs and
other data on-line. /

As for the potential of microcomputers,
users are already employing software packages
Next will come provisions

extraction, manipulate the data using one of
the packages on the micro, and send the data
points either to the. graphics system, the
plotter, or the micro's graphics capabilities.

As our users begin buying personal com- -
puters for their own organizations, our staff
can assist them in configuring their systems,
selecting software, and helping them with
problems they might encounter. As the number
of these users grows, the ITC will sponsor
user's groups and a bulletin board service,
which will interconnect users in Washington
with those in field stations.
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We also intend to evaluate, test, and modi-

£y equipmentAandmsoftwaremcomingwonwthemmarkex.w_hdﬂ

One of our first efforts will involve creating
a local area network by linking our microcom-
puters.. This is what we'll use to run our
office automation system. It is a brand new
concept and will take a lot of testing and modi-
fication to make it work.

Research will also begin on the design and
implementation of a multi-user microcomputer.
This project will use products from a variety
of different vendors and will require the staff
to find a way to link the products into a
Jarkahle system. However, it is an important
. ucept, since the result will give us a very
versatile system, and one that can use existing
equipment.

5. Conclusions

As we previously mentioned, very little
documentation exists for setting-up an Informa-
tion Center in the Federal government. While
this- paper is not sufficiently detailed to
provide that documentation, there are a few
lessons we learned that might help interested
organizations sidestep some problems. These
are as follows:

o Be User Oriented ~ Establish the services

- Jou are to offer in line with the func-
tions of your agency and your user's needs.
Once this is determined, be single-minded
in getting the staff, equipment, software,
and facilities to support your services.
Also, realize that everything should be
planned or done in response to an existing
or anticipated user requirement. Keep in
mind that the Center exists to meet the
needs of the user. /

o Define and Restrict Your Services - Unless
there is an unlimited staff, restrict the
use of the Center to the services you are
providing. Stay away from complicated
projects that are part of the normal data
processing function. '

o Train the User Well — Be preparcd to deet
the needs of the user from an educational
standpoint. Users will require a-lot of

“~-téchinical supprrty especlally-in-the begin=-:::
ning. No pact.:ge has instructions so well
written thot an untutored user can learn
without aid. It is also a good idea to
have initial user instructions taped near
each piece of equipment.

o Prepare an Implementation Plan - Time spent
preparing an Imnplementation Plan, however
difficult it might be to follow, is well
worth the effort. Resist the temptation
to stray from it. 1In order to be success=
ful, all the details must be accounted
for. 1In addition, don't forget about the
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descriptions of services, policies, proce-
-dures;-and- standards-you'1ll  need before oo
‘going operational.

For those of you who are already convinced
of the advantages offered by an Information
Center, we hope we have expanded your under-
standing of the concept and perhaps opened your

eyes to some of the exciting possibilities it
can offer.

On the other hand, for those managers in
today's DP departments who still think of
personal computers as over-sized video games,
you'd. better reconsider. Yours may be the
monarchy left out in the cold.

2 ""
We are especially grateful to Mr. Jack Sharkey,
Director of the Office of Data Management and
Telecommunications. Without his support and
belief in the Information Center concept, the
ITC could not have proven so successful.
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SESSION OVERVLEW
MICROS AND THE NEW CPE ENVIRONMENT

Dennis M. Gilbert

National Bureau of Standards
Wwashington, DC 20234

/ - .
over the past decade we have seen the field of computer
performance evaluation (CPE) parallel the maturity and changes
taking place in the computer industry. We have seen the. CPE
activity“expand,beyond the more parochial interest in and
concentration on "tools" and. hardware. Attention has broadened
to include concerns about selection and management of information
resources, human interfaces, individuval and unit productivity.
The ‘weight of attention is shifting from component efficiency to
organizational effectiveness. : :
. The pace of change in the computer industry has begun to
“accelerate within the past two years. Rapid advances in the
technology. significant improvements in cost/performance,
dramatic proliferation, and growing market place and user
maturity has made microcomputer-based systems major rescurce:
that must be considered as organizations seek to satisfy their
information requirements. : ;

In this session we will identify some of the changes the CP'.
community is and will be facing, look at the likely implications
of these changes for us, and explore how we might best position
ourselves so as to creatively use change -rather then be left
behind by it.

: The first dpeaker will offer an organiiétional view of the-
infusion of the new technology and present’a framework €for a new
approach to thinking about such issues. The second speakesr will

address the growing sophistication of users in stating their
requirements and explore such developments as integrated
environments and interfacing workstations with mainframes. The

last speaker :*ill look at some of the new technologies :nd market
"dévglopménte"reg;“videotexf*videomdiscjmsmartuphones1;etc}:apduLu:*x;;;;;
explore ‘how the convergence of these and others with those of
microcomputeis may impact the way we do business internally. and

deliver products and services. ' : e
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AN ORGANIZATION MODEL AND CASE STUDY
’ FOR MICROCOMPUTER CPE

Malcolm Campbell

State of Missouri
Division of EDP Coordination
P.0 Box 809, Capitol Building

Jefferson City, Missouri 65102

~

In this paper, computer performance evaluation is viewed.from tne
perspective of assimilating the microcomputer into the organization.

It presents a way of thinking about problems and answers. It doex
this by presenting a model and some sample components ¢f the model.

The approach is an attempt to fit sowme microcomputer issues into the
framework of organization devolopment styles.

Key words: End user; mierocomputer,

milerccomputer laboratory; model;

objective oriented management; organizalion development; -organizational
tensions; productivity; reference system;

OUTLINE

Introduction_

The Challenge of Micro Infusion into the
Organization..

Tensions in the Organization

\ L
2.1 Tensions encouraging Miero Infusion
2.”! Tarzians resulting from Micro Infusion

"

72 Dialectical Ofganization Model
Examples of Integration

U1 Management Methods
4.2 Computer Literacy Lo
4.3 The Pro-user p '
4.

4 Re-defining Information
Examples of Constructs
5.1 The Micro Lab
5.2 TEAM Development of Organizational

Information Management Services

Wrap-up

team work; technology.

1. The Challenge of %icro Infusion
Into the Organlzation

- This paper assumes that the micro infusion
is not an open and' shut case. There seems to be
agreement that micros are being placed in
organizations at a dazzling pace. However, there
seem to be valid considerations both supporting
and opposing aspects of what is happening. And
there are many differing conditions impacting . 2
what should be done next. Thesa involve cost,
system reliability and the sel{-determination of
the end-~user.

This paper. explores a way. of thinking about .. -

“iafusion questions. auggested rationale is
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expressed in terms of a model, application of the
model, and case study descriptions for applying
parts of the model.

Before getting to the model, what are the
kinds of issues we need to look at? .Where the
micro is a blessing and where it is a curse
relates to organization objectives in both
tactical and strategic areas. Tactically,
acquisition and application to specific tasks
raise questions of product choices, system
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planning, and expenditure of resources.
Strategically, the question is how the micro is
concejved.as a tool and how it fits into
organization dynamics.

You probably think of some other goals.\l

To achieve the goals of the organization,
integration of the elements of technology, human

. factors, and management action is necessary.
It is often expressed that white collar What kinds of .models can be used for this? What
productivity has yet to be impacted substantially kind of thinking is needed?

by technology. Equipment expenditures per white ' .
collar employee are only a fraction of that per This paper suggests the following:

blue collar.employee. However, is expenditure ’

alone enough? Must not/ application of technology 1. An organizational model

deal effectively with the success of the . 2. Examples of integration; illustrations of the
organization and with the factors of integration dynamics involved. _
and of tension? . 3. Two case studies jllustrating constructs of

the model. We'll discuss tconstructs" later;
for now, they are "opganizational tools", or
"frames of reference."

How do we pursue integration while
encouraging tools which foster tension?
Assimilation of - microcomputers into the
organization relieves some tensions and 2.
stimulates other tensions. Let's try, in a ) :
moment, to think of some- examples of tension.
Management of such tensions should direct
expenditure of resources toward the goals of the
organization. Micros must be assimilated with
goals like the following in mind:

Ténsiohs in the Organization,

Can the model we develop accomodate
tensions, integration and goal-seeking? My
examples and constructs are an attempt to
apply the model to micro infusion.

Before describing the model, what are some
1. Maximization of productivity tensions in the organization? First, tensions
. Avoidance of waste . which have led to microcomputer infusion and
Maximization of profitability second, what are tensions which have resulted?
4. Maintenance of data integrity Are there models to suggest how .to view these’
tensions in a constructive way? e

2.1 Tensions Encouraging Micro Infusion

, Micr:s
Pressures Promises
Appeal of compuier power . ' 4 .
) —— Availability
Application backlog -
Need for end user involvement
e User-friendliness
Technology Skill requirements

Knowledge end-user has of his
__own business

: 4 Application packages
Knowledge of ADP as an - 4 N
autonomous discipline

End-user need to control schedules
and resources by his own priorities

Control of resources
and schedules in
ADP Operation need to' control / the user area
schedules and resources

) R 170

ERIC w173

Aruitoxt provided by Eic:



2.2 Tensions Resulting From Micro Infusion

O
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Accessibility of the Application for’
Implementation

Need for' thorough system planning
and preparation

Availability of numerous
application system ‘tools

Need (A need will
(exist because
of the tension)

1

Need

Unclear appraisal of quality

Promise of ease of implementation ;

Training needed for quality
installations

Advantages of standardization,
integration and some uniformity
throughout the organization

Advantages of individual end-user
optimization

t
Need to maintain adequate data
communication links \

Need to avoid time sharing costs

Advantageéiof integrated
application software

Advanﬁages of containing the
magnitude of the configuration

1 . \

Variety of devices on. the market

Maintenance of compatibility

These needs require work. For example,

-consider the evaluation of integrated, multi-

task, executive productivity packages.

One study asserts that to be able to
distinquish the important differences between
"MBA" (from Context Management Systems) and "1-2-
3" (from Lotus Development Corporation) requires
weeks of concentrated study even by a computer-
literate manager. That kind of effort is costly,
but isn't it also good for the organization?

171

Need

Need

Need

L

Tensions in the work-life can give energy to
the enterprise. Contradictions, cross-purposes,
disparities, paradoxes, and exceptional
observations provide sparks that may lead to
discovery. Such tensions may suggest that we are

"looking at something the wrong way. It is by

this route that innovation becomes -a tool for
problem solving. Sometimes-undoing faulty

‘integrations may be half the game. A pre-

requisite for originality is the art of
forgetting, at the right time, what we
already "know.™ ‘
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- 3.1.1 Recognize the "Squeaky Wheel”

!

M§ovtenslons can be used constructively..

Now how does the model relate to this?
Modeling is a way of looking at things. It is a
way of turning noise into information. It
provides the rationale for action in a mixed and
changing environment. -

1s not how you look at things important?
Poincare was Einstein's senior by 25 years.
Poincare had the essential facts for the general
theory of relativity before Einstein did.
Einstein made the discovery because he had the
way of looking at things.

So we need a way of looking at things which
accounts for tensions, goals, and frames of
reference. A model, I suggest, is the
"Dialectical Organization Model.™ -

The Dialectical Organization Model provides
a way of looking at“the tensions of micro - '
jnfusion and fitting them into organization
development. j o

In practice, application of the model
follows a cycle like the following.

3. The Dialectical'OPganization Model

A person with power to.have

TENSIONS

results, becomes aware of
conditions needing attention.

3.1.2 Review Goals

In order to diagnose the . GOALS

degree, nature, location and
scope of need. '

3.1.3 Diagnose tensions or inactivity

Determine whether the squeak®

DIAGNOSIS

was from tension or from
inactivity (equilibrium).

3.1.4 _Zoom to bring territory
into focus

Select object area. If in-
activity, zoom to expose. If
tensions, zoom to integrate.
Aim is to prepare opportunity

ZOOMING
INTEGRATION

EXPOSURE -

to achieve growth\toward goals.

3.1.5 Apply construéts for
interpretation and action

Reference systems, beliefs,
laws, principles, perspectives,

CONSTRUCTS-

criteria, environmental
frameworks, pictures, models.

3.1.6 Exberience'and monitor results

Progress toward goals ' GROWTH -

. organizational learning,
growth, integration, new
tensions.

3.1.7 Go to 3.1.2

Above 1s the\operational sequence of the
model. I'm sure you have experienced the
processes.

 Tensions provide the driving forces.

Goals provide the 'sense of direction.
Zooming focuses, as with a camera.

j L
Constructs provide the rationale.

Integration is sometimes the productivity
result, and sometimes new tensions are.

Growth is where value is achieved.

The dialectical sense of the process is
made meaningful by the goals and constructs.

You may visualize a number of ways these
processes fit the micro world. .

4. Examples of Integrations

~-~——0pe” 6f "thenoticeable outcomes: that can-..--

result from applying constructs to the tension
resolution cycle is integration. You've seen

‘micro situations where integration is

appropriate. Here are examples of organizationa
integration emerging from out of the micro t
context. 3

The four examples I have picked are:

1. Fact-based management R —
2. Manager computer literacy

3. .The pro-user

4, Re-defined information :
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4.1 Management Methods

Contribution of Micros to Fact-based
Objective Oriented Management

Perhaps you have observed ways in which
micros impact management approaches. With
spreadsheet manipulation and graphiecs, it is
possible to have more .immediate interpretive
access to factual information by decision-
makers.

This is an example of the way in which a
technological development fits with a management
style. . Accordingly, it becomes integrated into
the behavior of the organization. -

‘As other territory is brought into focus,
constructs such as Deecision Support Systems,
Matrix Organization, and Zero-Based Budgeting may
use the micro as a vehicle. In each case, .
integration occur=. ’

Each individual who proposes alternatives
will be supporting them with readily available
data. The spreadsheet and graphiecs, then are a
fit for other non-technology dynamics that are”
occurring in the organization. '

The idea that there is a fit does not mean
unchallenged harmony. Integration is not
tranquility, but is growth errupting out of
foment that makes sense by the rationale of the
model.

Likewise, there will be such problems as
reliability of statistics from remote files down-
loaded from a data base. But the point here is
that the support that is marshalled for an
alternative is based upon prototyping that an
individual has done at a keyboard with a
financial model.

4.2 A Cost Incentive for the Natural
Cultivation of a New Generation of
Computer-literate Middle Managers

Another illustration of integration may be
management computer literacy. For years
automation proponents have looked for the day

‘when end-users would be qualified to see systems
..To-some . ..

“'this’ did not seem to be imminent until a

generation of managers is replaced by a
generation of graduates who studied business
courses which included ADP. Even if suitable on-
the-job training were available, how could that
much training occur for an entire generation of
managers? .

‘It now appears that such will happen as a
grass roots process.
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Where economics spurs the acquisition of
micros, users will be prompted to become
technically functional with them. Whether they
will universally be exposed to good system..
development procedures or not, they will at least
achieve a conversant level of functionality.
Individual training will be demanded.

Hence a compatible goal will be achieved
almost as a spin-off, or as an itch that gets
scratched. '

4.3 Emergence of the "pro-user"

Dissipation of the Wedge Which
had been Driven Between the
" ADP Technician aid the End-user

Ever since the ADP professional beczme aware
that users exist and began to call them "end~-

“users" there has been a polarization between
~them. It may be time for this distinction to

evaporate. Would this not be an example of
integration? Similarly as Alvin Toffler sees the
roles of the consumer and producer merging into
the "pro-sumer", perhaps we also are seeing the
emergence of the "pro-user."

A "pro-user" may bé”anyone who uses computer
products to process and access the information he
wants. .

The previously labeled "end-user" may become
more skilled with his new tools than is the ADP
professional. Intensity of computer related
skills may no longer be a role distinction
between these groups. -

Everyone will be managing information for
organization goals. And everyone will have to
play Keep-up with the technology, regardless of
whose turf he is functioning in.

This can be a new treatment for
provincialism in the organization and a case of
integration.

4,4 Re-defining Information

In response to the question, "What is
information?®™ I'm sure you are developing some

new-answers.--How we are -enriching our vViéw of
what information is speaks clearly of
integration. At one level it emphasizes the
2lobal scope of concerns. At another level it
ageaks of the character of the organization which
i3 defined by its iaformation.

Far from the early ADP view of data as
rencactions only, information now comes from
the F-, the terminal, the word processor, the
mailbox and the office cluster.
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Information can be as follows:

Corporate data The tools used for accomplishing those \
‘Local. ADP data . integrating processes are the "eonstructa." I am !
Research data now going to discuss two examples of constructs
Processed data“ ‘ from current organization experience. |
Extracted data ' ' SN
Administrative data 5. Examples of Constructs o
Decision Supporb\egga ' A
Word Processing data I have mentioned that aonstructs can be . \
Operant data - . reference systems, beliefs, laws, principles, k
. perspectives, criteria, environnental frameworks, .-
The data may not be different. Its usage pictures and models. \
is different and has meaning throughout the . .
organization--and when one makes interpretations The two case study examples have all these
that run throughout the organization, that elements, but can most clearly be considered
suggests integration. environmental frameworks with reference system

) . under-pinnings.
This may sound like the archaic, M.I.S. Co )

promises. The difference is that M.1.S. presumed The construct serves as a tool for the

that one could define in one mega-plan a super - dialectic modelings process. The construct
definition of all data in the organization. The provides the groynd rules sd that participants
dialectical/construct model does not assume that know what game they are playing, so that actions
static view. It works with process. The micro have continuity/ and so that inappropriate
allows us to re-define information. Such re- ' actions are not taken. :

definition can be at the service of the

organization. Accordingly; integration comes by . 5.1 The Micro-lab

applying new constructs to old data. Thus, 7. -

- integration is based upon flux; not upon static A congtruct I would like to suggest as a
definition. The process of zooming, construct case study is the use of a microcomputer
application, and goal orientation encourage that laboratgfz. Sometimes a construct is a stated

" flux to support the organization's prbductivity philosohhy. In this case, the lab is not a
and profitability. ! philosophy, but it represents a philosophy.
) : . Basically it is the philosophy which treats the

In addition to its global nature, the new end-user like an adolescent who is going to
infoérmation reflects the character of the college. Rather than controlling him, you give
organization. All of industry, government, him some new tools and trust his background to
economics, civilization and culture depend upon carry him on from there. The lab .itself is an .
the symbols of information. What makes the "environmental framework" in the sense that it is
differences among the Super Bowl, the Mardi Gras,. an organizational entity. Its existence .
a high school commencement, the Miss America " contributes to the execution of the dialectic
Pageant and the Democratic National Convention? . model. At the present time, at the State of
Isn’t a lot of it, what data is taken to mean and Missouri, we are in the first months of R
how it is processed? establishing such a’ laboratory.

. .

As more job functions in the organization The context for the lab is &n environment in
become knowledge-defined, and information- which numerous divisions will be considering
constituted, the character of thz: organization acquisition and application of microcomputers.
becomes more and more dependent upon those ' The division sponsoring the labxoffers to be of
information functions. i service to the many user divisions. The sponsor

Loy . division also is interested in the overall healtl

3imilarly as the DNA code is a constituent of ADP enterprises in the userAdivisions. As far

*“‘“'““cowpnnent“of;the‘makéiﬁb“éfLéﬁ:organismjm*“"“‘"”"'M’hs”authdrity*ls“concerned;"thé“usér'divistonS“aré"
information is a constituent component of the essentially autonomous with regard to .
organization. In that sense, the organization microcompters.

is information.
) Micro proliferation is seen as both an

So, the way in which information is opportunity and a possible danger. Its main
manipulated by the many end-users impacts . strengths are its weaknesses. Its rapid payback,
integration of tLhe organization. This—-- responsiveness, accessibility to "non-

\ manipulation is »upportive for the organization professionals”, freedom from constraints, and
insofar as it is directed by the dialectical piece-meal decision items suggest to many
model dynamics. : observers the need for coherent multi-division

o leadership and planning mechanisms.

We have ncted that the dialectic can employ . | - .

integration in the example areas ol management The dialectical construct model suggests the
methods, literacy, the pro-user and re-definition micro laboratory as an approach.’
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First of all, the model suggests that we ask
the right question. Some might be-tempted to
have asked, "Who is right, who is wrong?" or "ow
does an organization control an elusively
acquired resource?" or "What resource type is
cost beneficizl?"

Rather than. those kinds of questions, the
model would suggest the question, ™low do we
contribute to organizational growth by addressing
integration and tension factors?" The lab
encourages access to the tools needed to
accomplish integration like the four forms of .
integration that we discussed;in the last
section (4.1 - U4.4),

This is done by giving end-users an

..opportunity for hands-on’ experience, education,

assistance, prototyping, comparing, project
magnitude assessment,/demonstration and
experimentation. /
The primary sprvice is access to operational
resources, both hardware and software. The
posture of the 1lab is to adapt to user
functions. What’one user cultivates is to be
shared with others. So, the climate arises out
of practice.  Likewise, skills that are found to
be needed are cultivated and addressed with
training aids. A variety of hardware and
software is maintained to offer the user the
primary options that others in the organization
are finding helpful. )

It is intended that divisions will benefit
in their -own system development proJjects,
planning and acquisition of products.

Exposure to the lab may or may not lead to

.uniformity of some kind across the multiple .

divisions. The philosophy is that users are self-
directing, but should have advantage of the
experience of others and exposure of major
resources that others are finding useful.

How was the micro lab suggested by the
dialeatical construct model?

On the surface it may have seemed that we

-——....nad..a. technological.or-an- -economic- issue. In

Q
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fact, it was an issue of organization dynamics
and the solution is an organization development
solution.

The lab reflects the service posture of the
-ponser division. This"is part _of the
environmental framework and reflects an organi-
zational viewpoint.

it is not a territorial power kind of “move.
It is a contribution to a global learning
situation.

- The lab will be used where the need arises.
Thus, in response to tension, its use becomes a
part of the dialectical cycle.
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Organizational learning is the result.
organizational learning is an_experience. of . :
people and agencies who modify theilr approaches i
as they discover new results. .

And»_,;

5.2 TEAM Development of Organizational ;
Information Management Services "Uj

Another construct example comes from an
experiment with "teamwork.™

The context for this construct has been the “/(
need for definition of organizational functions, & '
services and projects. Its most major use was !
during a time of reorganization transition. :
Further use will be primarily, for brainstorming
and joint planning in new project areas.

Pre-conditions

The reorganization transition was a phage’
during which several staff members were ew
positions the division director: was
partial reorganization was aroung-
The "Team" involved eight (B)-people in'a ' ' =
planning and coordin:té%g/segtion., This section
is part of a divisio 140 employees. : The - ':‘;i
division, in tun performs services for R
departments with several thousand employees. ‘“The.
scope of tie Team effort was primarily within its:
own aréa of responsibility. The nature of ‘that,
however, extended concern into matters of ‘
division level functions.

The Team's section had responsibility areas:
which were relatively easy to adjust by '
management discretion. The new dirgctor had
conceptual interests and skill which were
adaptable to the organizational dial Logue which
was emerging. The staff was vocal. | The director
was ready to hwar and to lnteract.

The staff had interest in discussion about
goals and approaches. The new director had .
interest in reviewing current practice and
forging new directions.

Approach

""A'staff member suggested a one-=day
brainstorming session at a remote site in a:
retreat setting. The suggestion was accepted and
eight (8) people met spanning three (3) levels of
supervision. L
7

The agenda included presentations and A

‘dialogue about what was being done and what was

recommended.

Near the conclusion the director delivered
the ‘gauntlet, saying in effect, "You are a :team, :
carry oa from here in your own way--and there is Lo
something I want as output. I want your .
recommendation as to the criteria for the .
services this division should be offering "
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‘division should be performing.

This was, in effect, an‘invitation to start
at ground-zero for what the section should be
doing.

The Team began weekly meetings with rotating
chairmanship. Throughout its functioning there
were expressions from some indicating desire to
be told more about what was expected. Others
encouraged moving ahead. The director insisted
‘on keeping hands-off.

Results

The weekly meetings were held for four
months, with substantial individual and
subcommittee work being done between meetings.
Formal documentation was developed.
Recommendations were made of functions the
Reorganization
occurred. New major directions were
established. ) .

. <
~ Under the reorganized structure some' members
were uncomfortable with continuing Team '
activity. Other members wanted to continue.

Management decision was to comprise a
continuing Team of the new supervisors. The
total staff would function as a team on an "as
needed" basis. - . )

Relationship to the-Model

The dialectic application of constructs was
experienced throughout the Team experience.
There were repeated cycles of zooming for tension
and for integration. An interesting thing about

‘that is that what the director was wanting to seé

was process. He wanted to see those three levels
of folks hammering out ideas in dialogue. And

. that is a natural for the dialectical model.

¢ I will mention here some tensions’leading
to the Team idea, some tensions resulting and
what the contribution was to the division.

Tensions Leading to use of the Construct
,—~Jh

A. ‘Lack of sense of identity by individuals with
any stated objective of the division.

B. A variety of unstructured and undefined
viewpoints about what the division,was doing
or .should be doing. ‘ ,
. ¥
C. Uncertainty about roles, gxpectatidnsL
and responsibilities.

Tensions Resulting from Use of ﬁﬁe Construct
) !

A. Where expectations of some members of the
Team (depending upon their perception of .
objectives) became fixed, they felt a lack of
follow-through.

(=Y
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B. Where the Team idea reflected a participative
management style, sometimes staff liked being
included; sometimes staff did not like the
responsibility, the loss of targets for
complaints and the fear of being .penalized
for expressing views disfavored by
supervisors present._

C. Where authoritarian management style
moves re-asserted themselves; sometimes staff
were relieved at being led again and at
having problems solved by someone else;
sometimes disliked being told what to do when
_ left out of the decision process.

Contributio; of the Experience to the Division

The team experierce has.been an example of
the state of flux that often characterizes the
4dia;ectical process. There has been a 1ot of”
give and take; a lot of ambiguity; ‘and- some solid
ideas that benefitted from the scrutiny they had
received. And the team approach exhibits the i
thematic, methodological traits of a construct. ‘-

" There has been organizationaI learning and growth.

in the sense of staff working together in a new
context. Clarity of work has been evolving.
] N ;

. 'There has been progress toward goals.
Emerging out of the teamwork, management has made
thematic and procedural moves toward re-

definitags of what the division does.

The idea of the Micro-lab came out of the
Team process. :

The microcomputer laboratory and the team
process provide interpretive frameworks in a
fluid situation. They contribute structure that
is not static. Sugh is necessary for constructs
in the dialectical

As microcomputers aré'in{dSed.into the
organization, parochial interests. run head-on
into global concerns. a ~

The microcomputer has appeal as it is made
”responsive to organizational tensions. Its
infusion results in new tensions. Application of
constructs may bring integration or may surface
new tensions if equilibrium needs attention.
Constructs like the lab and the team can work
with the tension cycle for growth and learning in. -
thé organization. Results like fact-based :
management, computer literacy, and the pro-user
may reflect.integration within the cycle.

The model advocates fluid processes. It
depends upon change. Likewise it should be
applied to embrionic areas such as integrated
application packages -on the micro and to end-uger
application development. - -
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SESSION OVERVIEW < ,
FEDERAL MICROCOMPUTER ACTIVITIES /

Allen L. Hankinson

National Bureau of Standards
washington, D.C. 20234

Microcomputer-based.systems represent a new frontier in
information technology. These systems offer the potential for
Federal agencies and other, information intensive organizations to
improve substantively the productivity of the workforce-as well

/as the quality of the servicdes being provided. '

These orgénizations face a stiff challengelyé realize the

potential offered by this new technology. A major

roblem is that

. the technology is movihg so fast that it is difficult to get a
handle on it's effective management and use.

Some of the critical issues that must be addressed include:

when should these systems be considered as
alternatives and/or adjuncts to central facilities;

v

what are the key steps in the process that should be\

used in the selection of these systems;

how should these systems be configured to enhance
the sharing of data and the sharing of expensive
peripherals;

how should applications software be acquired in
order to minimize development and maintenance costs;

how-should this technology be "packaged" to meet the
needs of nontechnical end-users.

In this s¢$§ion, Federal microcomputer activities that
involve these and other issues will be explored from three
different perspectives:

ERIC

Aruitoxt provided by Eic:

from the perspective of an organization which
develops Government-wide acquisition programs;

from the perspevtive of an organization which
develops Government-wide technical standards and
guidelines;

from the perspective of an organization.which has
already taken some innovative steps to deal with

cthese issues within a Federal agency.

.y
- . )
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DATA PROCESSING USER SERVICE - A PROBLEM; A PROPOSED SOLUTION

Thomas H. Acklen

Veterans Administration Data Processing Center
1615 East Woodward Street
Austin, Texas 78772 -

while data processing technology continues to ‘progress at an ever

increasing pace, techniques employed by data processing
extend these technological benefits to users remains basically static.
\ are buffered by analysts and programmers from the equipment's capabilities.
\ Maintenance of existing systems places a growing burden on the data processing
' organization, and the development of new applications is people-intensive and
Users are becoming more dissatisfied with the data processing
0 their demands. \As a result, users are '

?1\ protracted.

organization's inability to respond t

organizations to
Users

in many jnstances, trying to use microcomputers to fullfill their own needs.
Such maverick efforts, although potentially beneficia]\to a particular user,

could introduce disarray into an
- integrated information systems.

organization's

efforts to ' establish

* This paper proposes a series of actions which should improve the data

processing organization's ability to serve the user community.

The underlying

strategy of these-actions is to enable users, within the context of an overall
data processing plan, to provide for many of their own needs thus permitting
the data processing organization to concentrate on the .more complex tasks.

The overall objective is to

processing support.

Key Words:

repositories; programming

insure more responsive and

less costly data

Communications networks; data manipulation capabilities; data
productivity

aids; responsiveness; software

improvement plan; systems development methodology.

1. Introduction

During the late 1830's and early 1840'%

artist/inventor, Samuel Morse, perfected the
telegraph and deviseéd—a standard code for
transmitting messages electronically. And thus

began the communication revolution and the modern
day need to -improve user service.

. The user that wished to send a telegraph
message had two available options. Under the
first  option, he relayed his message to a
telegraph operator and requested that he code and
send the message to the desired destination. The
operator at the receiving station decoded the
message and relayed it to the specified
individual. If all worked well, the telegraph
operator(s):

(1) .understood the user's message,

(2) properly coded it,

e— 178

(3) routed it to the proper destination,
(4) correctly decoded it, and
(5) delivered it to the intended person.

Under the second option, the user could master
this technological wizardry that required him to
speak in dots and dashes, find an operator that '
would allow him access to a telegraph key and
send his own message. Neither approach could be
candidly described as "user friendly".

With the invention of the telephone,
Alexander Graham Bell radically altered the
electronic communication user interface and the
method and type of support provided the user.
The . user became the direct conveyor .of the
message. Nevertheless, in the early days of the

telephone, responsibility for routing of the -
message still rested with the equipment .
operator. Today, the user of a modern telephone

system both routes and conveys the message.
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Although there are exceptions in today's 3. The Traditional Solution

data processing world, user support is about

equivalent to that which existed in the early Reasons for change in our current approach
days of the télegraph, In order to benefit from to users support are readily apparent; however,
the computer's capabilities, the user must either the avenues to such change are far less clear,
depend upon data\processing technicians or become In selecting an avenue, it is extremely important
a data processing technician. Inherent in such to understand the particulars of the service
an epvironment are costly delays, poor service, provided and the specific problems which a user

and dissatisfied users. \ has with that service. An often-voiced problem
R with today's data processing service is lack of
The challenge for today's data processing = responsiveness. Changes needed by the wuser

manager is to place the analogous telephone in  yesterday cannot be provided for six months- or”
the user's hand. First, he must through a longer if, because of other requirements with
combination of tools, techniques, training and higher pr1or1ty, they can be provided at all.
trust, eliminate when possible the analysts and Another frequent complaint is that the changes,
programmers that buffer the wuser ftrom the once finally made, are not what the user really
computer's capabilities, thereby allowing the wanted or needed in the first place. °

user to directly wutilize this technology. . '

Second, he must strive to improve the traditional Traditionally, we as- data processing
user/analyst relationship and the  support professionals have attemptéd to address these
provided the user through this interface. This problems by using the approach which we best

paper proposes a series of actions des1gned to understand, "Give me more--more analysts to
assist the - data process1ng manager in meeting better eva]uate what the user needs- and more
both obJectxves programmers  to more quickly code programs that
meet these needs." We work more closely with the

2. The Problem user in the early systems design stages to better

understand the changes that he desires. But this

Qur industries and government institutions technique -has yielded basically unsatisfactory

can i11 afford the inefficiencies associated with results because its ;underlying premise is that.
today's multilayered, people-intense methods of the user knows what He needs to better do his job
data processing.  systems development and when in many cases /he does not. We reason that

maintenance. As the unit cost for computer by establishing larger programmer staffs we may
hardware has plunged, the labor cost -associated (1) more rapidly /maintain aged and often poorly
with application software development and main- documented systems\and (2) write more programs to
tenance has skyrocketed to the point where it meet the new ; demands. However, constant
accounts for the vast majority of an organiza- maintenance of { old code becomes increasingly

tion's data processing budget. Even if these difficult and the results less acceptable to the
institutions were willing to commit the requisite ’/ﬁer and the demand for new code outstrips our
dollars, our labor market would be hard-pressed ability to write it. In summary, we use more
to provide the number of analysts and programmer;///‘resources to .do more of those things which have
required to meet rapidly expanding dat proved marginally successful at best.

processing demands. The U.S. Department of Labor

forecasts that between 1980 and 1990 the need for 4, A Possible Alternative
programmers will increase by about 40% while the .
demand for systems analysts will climb by 50%. Given that the traditional approach to user

It holds that such rapid increases in the demand support has proved inadequate, another which is
curve will cause a continued increase in labor more responsive to and more supportive of the
costs and an overall dacline in the availability user must be formulated. Such an approach should
of data processing talent and skills. embrace all phases of the application systems
_ life cycle from identification of a need through
Uur institutions face the additional threat the design, implementation, maintenance, and
that frustrated us» ;, aided by the ubiquitous finally redesign of a system that fulfills that
microcomputer, wil. reifnject into the data need. This approach should:
processing environm:.+t (1) nonstandardized design

techniques, (2) durticative development efforts, 1. Stress the maintenance of corporate data
and (3} parochi- attitudes regarding the repositories which are readily
gathering and shar. 19 of information. These are - accessible to authorized users.
reminiscent of the vices that the data processing

worid has struggled to free itself from for the 2. Feature a data communications. network
past ten years. This is not to imply that such which allows for the effective gathering
unilateral efforts may not benefit the particular and dissemination of corporate data.
user. However, the nonstandardized and This network should be organization/
undisciplined r2thods of these "computer .function oriented rather than applica-
illiterates" may, in many ways, do our tion oriented.

institutions a disservice.’ OQur ability to>

effectxve]y plan and i3tegrate data processing : 3. Afford the user simplified yet powerful
services for our organizations, and to devise and " data manipulation capabilities.
implement systems that share corporate data, will . A

‘be impeded by these maverick systems.
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4. Emphasize the self-service approach to
data processing. It should assist and
guide the user so that he may fulfill
many of his own data processing
requirements within the context of a
company-wide data processing system.

5. Recognize those tasks which are best
pe?{grmed by the data processing shop,
and Nip those cases, use analytical tools
such as demonstration screens and simple
data manipulation capabilities to help
both the data processing shop and the
user .in better understanding what the
user requires. \

6. Feature a "minute man" team of top-notch

technicians that can rapidly respond to

unforeseen, priority user needs.

7. Employ the latest programming productiv-
ity aids to make that application
programming which is done by the data

processing drganization less costly and

less time-consuming.

8. ‘Incorporate  a -~ master sof tware
improvement plan designed to gradually
free the data processing organizatior
from the costly and time-consuming
burden of maintaining poorly documented
and obsolete application prrgrams.

9, Utilize a

highly disciplined system

development methodology for all new
applications to insure that they ave
more standardized, maintainable, and

responsive to the user.

The philosophy underlying this approach is a

recognition that the data processing organization
cannot effectively or efficiently respend to all
user demands. )
an integrated data processing and infoimation
sharing capability within the organization, (2)
allow the users to assume responsibility for' some
of their data processing requirements, and (3)
permit the data processing professional -to more
effectively accomplish those tasks which cannot
be readily assumed by the user. '

The  approach de-emphasizes  application
programming by . the data processing profes-
sional. It is well to note that at the state-of -
the-art will not allow thé’e1imination of this
furidamental task. As we progress beyond some-
what primitive, natural language programming
capabilities toward artificial intelligence and
voice recongition capabilities, the need for
data processing professionals to create
application programs will diminish. However,
this approach concentrates on that which is
achievable today. A more detailed examination of
each component of the enproach may provide
insight as to how it. may
organization's particular needs.

" organization's

Its objectives e¢re to (1) maintain.

se adapted to your

4.1 Provide Ready Access to Corporate Data

Data, regardless of why or by whom it was
initially gathered, 1is potentiall: valuable to
other organizational elements. Within the
context of data -processing, information has
traditionally been viewed as the pirperty of the
gatherer and stored and accessed in a manner that

primarily benefited that individual or
organizational element. The. owner (gatherer) of
that data often resisted

ijts use by other
organizational elements. :

This perception_must change. The concept
that data is a corporate resource to be made
available to all authorized users for the overall
benefit of the organization is fundamental to
effective information management. This concept
can best be achieved by creating a data
administration function which reports to upper
management, preferably the executive officer of
the organization. In the area of information
management, both the data processing shop and the
business elements, should ©2 °
subordinate to the data administrator. This will

insure_tha. all users. ire batter served.

The data adminictrator function can only-
remove the organizational impediments to data
access. The technical impediments can best be
addressed by designing application functions
around a database marigement system. A modern
commercial database managemert system will permit

your organization to' share data and manage
information. . Such packages afford far greater
flexibilit, in the storage, sharing, .and

maintenance of data than/ was possible under the
ilat file concept of data storage. Organization
standards and—puticies will be required to insure
that data is stored in such a manner that it can
be easily retrieved and manipulated by authorized
users. Without such - standards your database
manayement system will be only a sophisticated
data storage and retrieval tool. By estab-
lishing and enforcing standards the -data
processing shor will ensure the existence of an
information repository capable of serving. many
corporate users.

4.2 Implement an Information Communications
Network

To be wuseful data must be gathered,
manipulated, and/or disseminated. Traditionaliy,
we have designed gathering and dissemination
capabilities each time we developed the data
manipulation capabilities of a particular
application. However, in.order to be responsive
to users, it is far more effective to establish a
common data communicatjon network between the
data processing shop and those remote Tlocations
where data originates or is disseminated. Do not
expend resources developing a network for payroll

data or sales data or inventory -. management.
Instead develop an information communications
network. Use a modular design that allows for
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- processing.

. organization

expansion. Select a widely used network protocol
that can support' various types of terminals and
processors.. Such a common data link will
facilitate rapid development of more effective
user applications.

We, as data processing technicians, often
look at an information system and compare the
merits of centralized versus distributed

We must also begin to think in terms
_of centralized versus distributed development.

We must not forget that a well-planned
information communications network facilitates
both.

4.3  Provide Users Simplified Data
Manipulation Capabilities

Under this approach users must be provided
software packages which allow them to easily and
economically retrieve and manipulate data. Most
commercial  database  packages afford such
capabilities. Software packages such as SAS, SAS
GRAPHICS, DYL-280, SPSS, are also designed to be
used by the data processing novice. Furthermore,
new product offerings of this nature are being
introduced almost daily. Consequently, it is
neither prudent nor economical to have your
systems analysts attempt to understand and plan

an application for those tasks that users, if
given the proper tools, can provide for
themselves.

4.4 Support the Concept of Self-Service

Simply acquiring such capabilities will not
insure a more satisfied user community. Your
center's capabilities must be marketed to the
users.  Additionally, key people within your
must be -<convinced that allowing
users to provide for their_own needs is sound
data processing management.

Establishment of an Information Technology
Center to introduce users to (1) your center's
capabilities, (2) equipment which can be used to
access your center, and (3) the basic skills
required to benefit from the support your center
offers is an effective mechanisii for marketing
the center's capabilities. Demonstrating the
capabilities of microcomputers in accomplishing
small tasks will aid in familiarizing users with
data processing. Also demonstrating the short-
comings of small computers in rapidly accessing

and manipulating large volumes of data s
important in marketing the concept of fully.
integrated systems. Teaching users how, if

certain standards and conventions are followed,

microcomputers can work in ‘unison with your
center is mandatory if the concept s to be
achieved.

Once users -are sold on the idea of self-

service, your organizatfon must be prepared to
offer ongoing support if they are to be
satisfied. A mobile team of skilled technicians
that can, upon request, visit a users shop to aid
them:in their tasks will be required. Your shop

~users generally are noi
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will have to guarantee prompt and reliable
service during the hours users require it, i.e.,
guaranteed service levels.

Gaining user interest may be easier than
gaining key data processing personnel support far
the self-service approach. Because of legitin. >
concerns for the service provided ard a lingerii.
concern for job security, many managers within
the data processing shop may oppose allowing
users access to data and data manipulation
capabilities. Their opinions
changed or nullified; the former, being preferable

to the latter. Through example and exposure
these managers must learn that (1) users can
effectively master basic automatic data

processing skills and accomp' -h .jata processing
tasks on their own, and (2) _as eliminating
the need for 7 telegraph key
eliminate jobs in the communicatioin™ industry, so
will allowing the users to aid ’!.7.elves not
threaten the job security of the «... processing
professional. . :

4.5 Employ Progressive Analyiiit]
’ Techniques

Although extending computing capabilities to
the users will do much to satisfy tneir data
processing demands, it will by no means replace
the requirement that your organization dvvelop
the more complex automated systems that support
your organization. In effectively performing
this function, it is critical that the data
processing professional understand what the user
wants and needs; that is, ensure that the sysfem
designed and implemented is the system that wiil
meet the organization's needs. As previously
discussed, this can bz a very illusive goa® since
“ully aware of their
needs nor of how such needs can best be fulfilled
through the use of computers.

Comrycer apniications contain three basic
functio.s (1) date gathering, (2) data manip-
ulation, ard (3) information dissemination.
Failure ut the latter function equates to failure
of the ¢vstem in fulfilling a particular business
requiremant. Thorough undersZanding of user
requirements with regard to the latter function
will dictate an effective system design. Systems
analysts using terminals, sample data, and
variable screen formats can learn, along with
users, what information is needed to fulfill.each
business function. This approach allows the user
to see how the application output will look,
evaluate whether it meets .the organization's
needs, and if not, suggest and shortly thereafter
review proposed changes to the output. This

approach will avoid much retrofitting often
required in the .latter stages. of a system
design. It will also more effectively guide the
analysts in- determining what data must be
gathered and how must it be compiled and

The final result will be a system
which satisfies organizational reguirements.
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4.6 "Minute Man" Response for
Unanticipated Tasks

Proper planning is critical in order to
provide effective service to data processing
users. However, data processing tasks will arise
which were simply unanticipated. Such unantic-
ipated tasks may be time sensitive and critical
to the successful functioning of your organiza-
tion. Forcing such tasks into the routine
srogram  development/maintenance  workflow  is
disruptive and often counterproductive.

" If an unanticipated task is both time
sensitive and critical to the organization's
function, it should be referred to a "minute man"

team for execution and implementation. Even
though it represenits a substantive investment,
the team nucleus, composed of an " aggressive

manager and two or .three top-rated technicians,
should be a perinanent organizational element.
Depending on the nature of the task, this team
should pe able to draw selected talent from other
organizational elements. Upon completion of a
particular task, maintenance of the resulting
system should become the responsibility of the
cognizant line organization, borrowed talent
shouid return to thei: respective organizations,
and the team nucleus shculd begin preparing for
~the next task.

Benefits of this approach are:

(1) the assembled team will appreciate the
urgency of the task,

(o) - the talents applied to the project are
those reguired to rapidly accomplish it,

(37 disruptions to other

minimized, and

projects are

(4) the needs of the organization are more
rapidly served.

But. r-member the task assigned to such a team
should ur tiianticipated, time sensitive, and
critical. Jse of the team must be the exception,
not the rule. ‘

4.7 Rely on Preductivity Enhancing Tools

Productivity aids can be used to reduce the-

time and cost of developing and documenting
systems. Such tools range from natural language
programming packages o programmer work stations
that suppor: interactive compiling, editing and

" debugging. Use of these todls can, given the
particular task, more than double programmer
productivity.

A clearing house function should be

estoblished within your shop to review all user
requests that require programming to “determine
whether coue-generating tools- can simplify the

task. Once such a determination is made the task
should be assigned to the cognizant project
manager.  The clearing house function removes

¢
i
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this decision from the project manager who,
because of familiarity, may elect standard coding
techniques over a more advantageous code-
generating package. Whenever possible,
management's objective in this area should e to
supplant people-produced code with that gencrated
by machine. ‘\

4.8 Aggressively Purwue A Software
: Improvement Plan

If your data processing shop is
representative of the industry norm, 70 to 80
percent of your programmers' and analysts' time
is spent maintaining existing ‘code, counsequently
leaving few . resources for new efforts.
Furthermore, your organization can afford neither
the dollars nor the time-required to completely
redesign/replace those systems that require such
heavy maintenance. Because of large capital
investments in old application code, your
organization is in a "darred if you do; darned if
you don't" dilemma.

A well thought-out software improvemcat plan
will allow you to salvage a larye portion of your
capital jnvestment while reduciig overail
maintéenance costs. Application code can be
improved without a complete sy:tem redesign.. In
order to accomplish this, each apolication must
be analyzed to determine what modules account for
the greatest portion of maintenance costs. These
modules should be targeted for major meiitication
or replacement. Care should be taken '« avoicing
the -logic that machine language code ‘. costly to
maintain. If such code s basi.ally static, it
costs Tittle or nothing fo mainiain. The
governing rule should be rework those modules/
programs that require frequent ar: time consuming
maintenance. And during each effort, exe . ise
care not to produce more code which will “u
difficult to maintain.

The point is not to suggest how to improve
your particular software. The point is to
suggest that it can be--that it must be irroved
through an evolutionary process. The fiit step
is most difficult; establishing a s¢ tware
improvement  project, and  committing  the
organization to specific software improvement
goals. Management must insist that all system
changes be accomplished within the coatext sof
this plan.  Long-term objectives accompanied by
discipline, perseverance, and accountability wii:
result in more maintainable software, mo-¢
efficient code,- less dependence on a particulur
individual's knowledge, and more rapid response
to user needs.

4.9 Utilize a Highly Discib]ined Systems
: Design Methodology

\, .

The problems of poorly documented, aged, and
patched programs that require more effort to
maintain and modify than, was required to
initially develop, are not\ the :r=sult of a
devious conspiracy by previous managers to
undermine the data processing obg(ation. Jo the

N
N
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contrary, these problems have resulted because
dedicated managers and technicians, in the name
of expediency and wuser support, employed
uporthodox techniques and shortcuts. In the
development phase, they did more with less, so
today we do less with more.

in recognition of the problem, companies
have developed and now market highly structured

approaches to govern and guide development
efforts. Although these approaches differ in
specifiks and degree of automation, they are

common 'in the fcllowing aspects:

a.v A life cycle step-by-step approach to
systems development is prescribed.

b. User responsibility/participation in the
requirement definitions, design alter-
natives, and functional specifications
is mardated.

Cc. Form and content of the technicav
specifications are defined. /
d. User and data processing managemeét

review and concurrence
intervals are specified.

at predefined

e, Documentation standards'are precise and
unyielding.

Thesc approaches provide a simple but rigid
skeleton which if built upon will support the
muscles and organs of a complex system. Systems
developed wusing these approaches are better
documented and less complex than those designed

“using less structured: techniques. Consequently,
these systems should -be—less costly to maintain
and modify.

. ‘New systems development projects that are
the responsibility of the data processing
organization should be accomplished within the
conf ines .of one of these structured approaches.
The organization selecting a highly disciplined
system design methodology, committing to the
overhead associated with its use, and holding
managers accountable  for  enforcing its
provisions, will not have to spend its tomor;ows
trying to undo yesterday's expediencies. v

5. The Costs of Change

Adaptation and implementation of this
approach to user support may require numerous
policy, organizational, and staffing changes.
- Resources typically devoted to the programmer and
-analysts functions will havi to be diverted to
communications network support, database design
and maintenance, marketing and training and one
other topic . not  yet discussed--capacity
management and resource acquisition. The latter
is mentioned because this approach will require
substantial amounts of computer hardware and
software. The approach requires the application
of computer power to data processing tasks in
order to - make them more efficient. ~Data

_inventory management- functions.

processing
computer

managers thought
capacity to

little of
automate

using.
payroll or
They must be
equally bold in automating their own efforts.
The result .will be & more satisfied and better
served user, a more effective organization, and a
more efficient data processing shop. Remember,
there is  more to data management and
communication than tapping a telegraph key.
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STANDARD COSTING FOR ADP SERVICES
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This paper
ADP services.

the position that information systems e
formation is the resource to be managed

Key words:
information resource characteristics;
storage of the information asset.

The information systems community has pro-
liferated numerous "accounting' metheodologies,
techniques and even packagad software products
that have been designed to calculate and report
the "true" ADP/EDP/IS unit, standard, and/or
chargeback basis for the costs of operations.
The sad fact is that none of *hese methodologies,
techniques, or methodologies reflects the real
nature of information systems costs the way that
they -exist in today's environment, and, more
importantly, the way in which we will view in-
formation systems costs when we begin to con-

is an initial exploration into the area of standard costing .for
Historically, data processing expenses have been regarded as var- '
iable, depending on hardware and software procurement and usage.
xpenses are relatively fixed, and that in-

This paper:takes

, as opposed to hardware and/or software.

sider that it is information that is the resource -

as opposed;to just the hardware and software
used to make that information available to the
user.

Moreover, I/S expenses tend to be rela-
tively fixed when we consider them from a month-
This is the way in which top
management tends to view the I/S investment,
and it is one that they wish to minimize in
order to live within the fiscal limitations im-
posed *y the annual funding cycle. The irony
comes with cost reports that show unit costs
and chargeback amounts in government environ-
meé1ts where they must "charge users with the
cost of their usage.” With these kinds of .
reports and-"MIS-information" comes the lower
organization concept that information systems
costs are variable. Armed with this often
dangerous information, users will tend to mini-
mize their use of the "EDP resource," many times
by taking their work to outside service bureaus,
which causes-the I/S costs to the rest of the

' users (and to the organization as a whole) to

go up! Certainly, the people who drafted OMB

Accounting methodologies; ADP services; data processing; data transfer;
management of the database; standard costing;

Circular A-121 didn't have this in mind when it
was formulated.

Traditional standard costing principles were
developed in the manufacturing environment to
account for variable material, labor, and over-
head on a unit of manufacture basis. In the’
factory situation, material is not used unless
there are units to produce, and labor is-not
¢alled in or kept on the -job unless there are
units to produce. Most of the overhead goes on,
‘so there may be an overhead absorption problem,
.but variable costs may be inventoried or avoided
simply by not purchasing. Similarly, tradition-
al governmental accounting has always scen afmed
at a somewhat varjable personnel and materiais
expense budget.

In the information systems environment, the
truly variable costs are few, such as paper,
reels of tape, electricity, and any temporary
portion of labor. All the rest of the.costs are
relatively fixed such as hardware, software, de-
velopment, staff, facilities, and -management.
Even with all the good intentions of GSA, an :
increasing fixed investment in software will not-
allow the hardware expenditures to become vari-
able.

-

that can be processed by these relatively Lixed
costs, which :s analogous to distribution of man-~ .
ufacturing over zads. A more appropriate method
for understanding and analyzing information sys-
tems costs is, therefore,-greatly needed. We
also need to redefine what we are trying to
analyze as the information systems environment
changes from focusing on a centralized, fixed-

. ' ’
The only real variable involved is th?/ﬁg;k
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cost/overhead, support function to analyzing the

investment, cost of creating, and cost of maintain-

ing the organlzat lonal.resource information.

The first step toward resolving this issue
lies in understanding that information systems
is only a small component of a much larger in-
formation resource. The primary sorts of infor-

mat ion resource activity that will fall under the

aegis of what is currently called the Director
of ADP (and is likely to be called the Chief
Information Officer in the future) may be de-
scribed by the following four major areas:

. Stotége,of the information asset
) Managément of the database

) Data processing

) Data transfer

1. Storage of the Information Asset

With the growth of the organizational in-
formation asset, the storage of that resource
takes on new significance. It is the author's
opinion that by the end of this decade, the
accounting community will insist on reporting
the informatiom. asset as a fixed asset of the
organization just like any other asset (e.g.,
cash, equipment, buildings, inventory) and that
this asset will represent the single largest
asset for most governmental organizations.
coupled with the advent of fixed disks on direct
access storage devices that consume more and
more physical space, causes this asset to re-
present a larger and larger investment to-the

This,

organization. Other types of information storage

exist such as tape and mass storage devices, but

with the increasing use of information on a real-

time basis, their appropriateness will diminish

(one possible exception is an emerging technology .
involving the use of optical discs that may be .-

removable, storable,and shippable, and are
rumored to cost less than tape).
ness of data to be stored at all, as well as the
decision as to which method of storage is appro-
priate, will be resolved only by analyzing the

2. Management of the Database

Database management includes all the hard-
ware and software necessary to make that infor-
mation available for retrieval. The security of
the data and data integrity are ensured by the
adequate management of the information. This
will be the most difficult area to manage in the
future. Visionaries in this area such as James

‘Martin, Bill Synnott, and Bill Inmon, for example,

spend
range
those

most of their time trying to develop long-
thinking regarding these demands. For

of you concerned with sub-second.response
time, this area will provide the greatest chal-
lenge. What is seen today with systems such as
IMS, IDMS, etc, can only provide an inkling of
what is to come. We are already hearing much
about relational and distributed vs. centralized
databases. B ) /

3. Data Proceésing

Users have trad{tionally used the central
processing facility for their processing needs.
With the advent of minicomputers, some began to
establish their own processing resource, while
continuing to utilize the central processor as
well., With the increasing proliferation of per-
sonal computers,.. it will become even more popular
to process one's own information locally, es-
pecially with the heightened requirement of
response time. Therefore, it will be necessary
to assist the users in the tradeoff decision as
to whether they will use centralized or distri-
buted processing resources by providing them with
central processing cost data. This can be com-
pared with their local processing costs as well
as the advantages of sub-second response time.
However, there may still be costs for information
storage and management from a central facility.
These costs should be analyzed from the trade-
offs concerning local versus remote storage
(and what the corporate policy is regarding this) -
as well as the costs to ship the information

- where it will be used, whether that be over a

The appropriate-

costs of storing information as well as the costs

of database management for the organization re-

" quiring information storage.

THIS PAPER ASSUMES :THAT TCP MANAGEMENT AND THE
USERS OF INFORMATION ARE THE ONLY GROUP THAT CAN

ASSIGN VALUE TO THE INFORMATION RESOURCE., IT IS

UP TO INFORMATION SYSTEMS MANAGEMENT. TO PROVIDE

* THE USERS AND TOP MANAGEMENT WITH SUFFICIENT

. COST INFORMATION TO ENSURE THAT THEY WILL BE ABLE

. TO MAKE INFORMED COST AND INVESTMENT DECISIONS,

ESPECIALLY THOSE REGARDING TRADITIONAL EDP RE-

SOURCES SUCH AS CPUSAND THE LIKE (this was the

real intention of OMB Circular A-21).
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telecommunications network, by express or reg-
ular mail,or whatever. This cost category is
covered in the next segment regarding the trans-
fer of data. b
|

4. Data Transfer’

In the case of a centralized data base, or
even in the case of distributed data bases, there
is the need for data transfer when there are
distributed terminals or processors. This cost
is essentially a communications cost and will
become extremely important as file transfer be-’
comes more popular due to the use of personal
computers to do local processing. The.author,
feels that this will be the major information
cost of the future (even though the advent of
optical discs may provide some temporary relief).

The characteristic behavior of the above
areas of information is unique. The methods of

measuring,’ costing, and analyzing each area will
require separate considerations such as local
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.....



O

ERIC

Aruitoxt provided by Eic:

"database management costs will

versus remote processing as well as information
stordage, data management and relevant communica-
tions {data transfer) trade-offs. Table 1 sets
forth tle salient characteristics for each area
to be used as a guideline. A metric for each is
stated, but this does not mean that the measure-
ments from the four different areas of activity
may be added to express an overall measure of
capacity as has been expressed by such concepts
as software physics, computer resource units,
MVS service units, and the like. Adding the
four areas together would obfuscate the unique
characteristics of each. Even though clever
people can think up some kinds of algorithms to
explain system behavior with combined statistics,
top management and the users of information will
a1nt be able to understand the algorithms or be

“le to make easily the important trade-off de-
cisions re the 1/S investment. This kind of
reporting would be analagous to the utilization -
reports put out by many 1/S departments showing
such things as CPU utilization in percentages.
What kinds of decisions in today's environment
can be made on that kind of information?

The costs for storage.of information will
be associated with the type of media used and
the space occupied. The alternate metric of
bytes may be the way that 'space is defined as
opposed to tracks, tapes, etc. ' For the purposes
of this discussion, it really doesn't matter.

"What does matter is how to relate the investment

made in storage to how it is used to satisfy
users' information needs.

Database manhgement costs should include
all the I/S resources needed to get information
into and out of storage. The kinds of resources
used will include CPUs, disk and tape devices,
controllers, and various software and operating
subsystems. The important thing is that the
be associated with,
used, the amount
or -- with the
-- the time that

the time that an I/0 system is
of time that a device is used,
advent of cache memory devices

* cache Lé used. "This would also apply to any

other -media such as mass storage or tape devices.
Thesé costs (not to be confused with storage
cos¥s) are for the retrieval of information as
opposed to the cost of storing the data.

The data Jtocessing cost, as mentioned
before, is diregtly associated with the central
processor and its operating systems, personnel,
and other overheads. It may also be associated:
with the distributed processors, which are very
easy to cost since they are fully located in’~
user departments. This is especially true in
governmental organizations, whose prbcurement

" policy makes it much easier to purchase micro -
or minicomputers within an organization.

 The transfer costs are domparable to tele-
phone costs and must represent the amount of time
that a communication link is used. This link
should also include the distance characteristic,
because communications costsgo up proportionately
with distance. . :

‘ : 186
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In summary, the use of this kind of revised
analytical approach to mandgement and costing will
enhance .the effort by making it understandable to
both users and management. It also makes it pos-
sible to relate the costs to the burgeoning
organizational resource known as information and
the trade-offs that exist in ‘the procurement
of ADP resources.

Table !, Information resource characteristics
Metric Storage Management Processing Transfer
Basic space time - ‘time dig'g%éé

eré%%g bytes bytes bytes dig gﬁgé
Other media system _EE%E/ . Eiﬁg/



AUTOMATING CONFIGURATION MANAGEMENT

Enrique G. Dedesus, 1Lt USAF-
Craig.J. Riesberg, 1Lt USAF

HQ MAC/ADCI
Scott AFB, Ill. 62225

The ability to manage Software and Hardware Changes at ren;c?tt/e sites is one

6f the most critical components in any computer network. Four’major eléments of

'/’configuration management are addressed: - Change Contrg},//Validation .Testing,
/ Inventory Management and Software Distribution. L ) :

The first element, Change Control, ‘_provides a complete audit trail

(document tracking) of change requests “from conception to implementation,
regardless of origin (self or user initiated). The control includes, but is not

limited to, automatic numbering, cataloging incomplete requests and journalizing

/ historical data upon completion. : .

J ’ The second element, Validation Testing, provides for internal software
driven flexible benchmark type testing; or an external remote terminal emulator
which again uses the flexible benchmark concept but adds stress testing
capability.

. The third element, Inventory Management, deals with ‘ the particular
applicability of the change to the site taking into consideration the hardware
configuration. ) : . :

The fourth element, Software Distribution, handles automatic shipment of
bundled software to sites configured on line. Further, it provides automatic
preparation for shipment via the most expeditious means available to sites not
accessable through the computer network. :

Key~-words: ‘Change control; inventory managemeht; software
distribution; validation testing.
1. . Introduction paper discusses a system which: 1. allows

users to request changes and enhancements
and at the same time provides the host

Most federal agencies and civilian organization the means to control those
organizatiohs rely heavily on their computer .requests (changé control), 2. tests the
networks to accomplish daily operations. With newly-created software prior to [field
the current impetus toward distributed . implementatioh (validation testing),
processing, changing bundled software at remote - 3, allows the host organization to control
sites becomes an ever increasing problem. - Not the software and hardware inventory in. the
only is it necessary to transfer new software to field (configuration management) - and
the geographically separated locations, it is of 4, . provides various means for. the
utmost importance that the .‘s_ot‘t:wat?zl perform as distribution of bundled software (software
expected.’ In today's rapid-paced data distribution). The system is modularized
processing environment, operat/ional systems rely so that any organization can implement any
on timely and adequately tested software. This - module independent olt‘ any other.
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2. System Overview

The entire process of changing software at
remote sites can generally be broken down into
eleven distinct and separate steps
figure 1). In order to provide reliable
software these steps must be followed in precise
order. While several of .the operations are
outside the scope of the automated distribution
system the operations are enumerated to give
the total view. Each step is listed along with
its place in our system.

1. Identification of Requirements -
Performed by the user or system builder who
identifies a new requirement or- the need
for an enhancement (outside of system).

. 2. Control of Requested . Changes -
Performed by the software control agency,
possibly with their order of importance
(change control).

3. Evaluation of Request - Must be an
independent- organization or individual to
remain objective as to cost versus expected
gain (cutside of system).

4, Analyzing and Coding New -Software -
Performed by host organization personnel or
contracted to a software agency - (outside
oi' system).

5. Development Testing - Conducted by a
group supporting the writers. May only
test the new software in a stand-alone mode
without testing its interaction with other
systems (outside of sy~tem).

of Ngw Software -
(outside of system).

6. Documentation
Performed by writers

7. Verirication of Documentation -
Performed by the software control agency.
Determines if new software changes are
supported - in the user's/operator's manual
{outside of system).

8. Software Bundling - Performed by the
software control agency. Will use source
programs to provide bundled software for
various types of 'machines (inventory
management) . :

9. Release Testing -

software control ‘agency.
interaction of . new software with other
cvystems by a benchmark or through the use

Performed by the

of a remote terminal emulator (validation
testing).
10. Distribution - Performed’ by the

software control agency. Forwards the2
pundled software to the sites via available
and reasonable means (software
distribution). :

(see.

[

11. Historical Documentation - Performed
by system maintainer. Shows new changes
and modifications to the existing system.
A continuation of item number 2 (change

control).

3. Change Control

Software changes can be triggered by new
user's requirements or _problems encountered~
during normal logic execution. In either-case,
it\ is.one of the forces that can affect the
opérational integrity of any computer system.

‘Theése changes are usuélly/drganized in documents

~ which serve as the official voicé of the new

requirements or modifications needed. These
enhancements must be approved by the software
cgngrol agency before they can be passed' to the
appropriate working agencies. :

\

. \It is extremely critical that the software
control agency q?intain an audit trail of the
software enhancements being wcrked -or already
wdrkeg within .the system or systems uhder its
control. By the tracking of these' documents,
the software developer. is kept: informed of
enhancements or changes "~that need to be
accomplished in- order to meet /the user's
corporate requiremehts. On the other hand, the
documerit originator receives two: levels of
acknowledgement. First, the software- control
agency %pproves the request and passes it to the
softwar developer, Second, - after the

-.requirement _or fix has been satisfied by the

Will test the.

. Furthermore,

188

develope¥, the result is a software release to
the controlling agency with the appropriate
documentation. This release is then passed back
to the ddcument originator. The change control
module of our system will allow for: 1. the
automatic numbering’ of documents,
2. transmission and 4cknowledgement, and
3. historilcal data management (see figure 2).
i} .

Once | a software = enhancement has been
identified\the user will have the capability to
perform an!online so’.ware change request. The
automatic .numbering module will accept the
change requisst assigning a unique number. By
this number|the system will be able to determine
the docui:nt originator, system or subsystem
affected, spftware developer, priority and the
agency which will receive the new release. As
Soon as the document is accepted it will be
passed to:the transmission and acknowledgement
module. ~ ThHis ' module is responsible for the
electronic !transfer of all active charge
requests to {the respective software developer's
working agenties. In addition, upon arrival of
the software| relecase package from the software

developer, this ‘module' will update the change
request database in accordance with the
documentation .provided in. that package.

historical data management module qill provide
housekeeping :reports of change requests overdue
or outstanding for any period of time.
it can supply the administration

193
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Figure 2. Change Control
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with Lotal or partial cost of software
enhancement or system development.
L4, Validation Testing
“te Validation Testing module of our

distrioutrion system is .designed to exercise and
verify -t newly created software against the
system : ystems affected.

Exhaustive testing of the software to be
released is the key item for a successful
implementation on the —~omputer network. Our
proposed system will: *. build and maintain
test scenario files for 'l systems specified,
2. perform external or in-e-nal system tests,
3. report to the tes. director using
online/report (hard copy) r© Jes or the test
tindings and 4. evaluate the pecformance of the
software during the preceding test (see

-

figure 3).

In
release,
the

o.der to effectively test a software
we need to organize a baseline of all
transactions allowed in the system or
systems in question. This baseline must
identify the transactions in three major areas:
software function performed, 1input data and
expected output. The first function on the
validat ion testing mocule allows the creation of
a transaction driven test scenario with the
capabilities of performing online additions,
modifications or deletions of transactions
already established. The accuracy of the
contents of such scenarios will be the critical
tactor for a valid test evaluation and a
successful implementation of the released
software on the network.

Another element that needs to be ‘*taken into
consideration when building the scenari> file(s)
is the system test database(s). Cost versus
reliability might be a factor when determining
the iize and contents of the test database.

Once the scenarios are
executed in the second function of  the
validation testing module. The execution of the
test scenarios might be external or internal to
the system(s) under test depending upon the host
organization resources. The external driven
test will use a Remote Terminal Emulator (RTE)
as the test driver. The RTE will be loaded on
hardware outside the system(s) under test
environment, eliminating the competition for
system resources once the test has been started.
Some advantages in using the external test mode
are the network operational simulation of inputs
through the physical communication lines allowed
in the system(s) under test and the ability to
perform stress test not only on the system under

built, they are

test but on the network itself. A disadvantage
might be the cost of the additional hardware
used by the RTE to drive the system(s) under
test.

RIC
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The interngl driven test uses a software
test driver ﬁf validate the release. The
software driver shares the system(s) under test
resources and passes the transactions specified
on the test scenario file(s) 1in a single
threaded mode to the appropriate application's
software.

Both testing methods mentioned above,
external ard internal, will validate each and
every output received from the system(s) under
test against the baseline output specified by
the test controlling agency in the system test
scenario file(s). Any mismatches are reported
to the online test director's device established

at the beginning of the test. This 1is the
primary role of the third function of the
validation testing module. The test director

will have to make a decision concerning the
test. Possible alternatives are: 1. continue
the test, 2. retry the transactior, that caused
the mismatch, and 3. restart or stdp the entire
system test. Particular attention should be
given to the system under test's database(s)
when deciding rurther actions after a

transaction mismatch is detected.

The successful execution of the system(s)
test scenario will provide high confidence in
the operational reliability of the released
soft jare once loaded on the network.
Furthermore, after the test of the operational
capability, our validation testing module will
spawn a Computer Performance Evaluation (CPE)
package as the last validation function. During
the execution of the system(s) scenario test

file, CPE data can be collected and stored in
different medias (e.g. tape or disk) so that
elapsed times for different functions

(transactions) can be analyzed and compared with
previous CPE results. Service times (the time it
takes application software to work a requested
function) as well as HResponse times (total
elapsed time from user's terminal to
application's software and return) can be
analyzed so that unexpected results can be
evaluated prior to release.

Other 1levels of validation
performed addition to the four functions
described. One such validation might be
performed on the documentation provided by the
software developer 1in the software release
package. For example: the system operator's
manual can be inspected to insure that new error
messages or system commands are included in the
package.

might be
in

5. Inventory Management

One of the ldrgest problems in business
management is knowing what goes where and who
gets what. Management of computer resources is
no exception. The Inventory Management section
of our system is designed to provide a complete
inventory, both hardware and software, of each
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individual remote site. By utilizing the
information gathered and stored by the inventory
management module, the system 1is able to
determine compiling and bundling requirements
for various types of machines. This information
is also shared with the. distribution module
during the shipping phase of a software release.
Since it 1is information which is shared, the
inventory management module allows for the
storage of information to be used by other
modules (e.g. site addresses for the
distribution module which will be used to
prepare m~riling labels). The . inventory is
broken inte two distinct divisions; hardware and
software (see figure U),

Effecti e hardware inventory management can
provide help in at least three different areas.
These three 2reas; system documentation, cost
analysis and capacity or upgrade planning are
intricately interwoven in the inventory manage-
ment mcdule. Each area can be developed as
needed beginning with system documentation.
System documentation provides the basic
information needed about any remote site. It
provides a list of what is currently available

at the site in regards to CPU, memory, work
stations and peripherals connected. By
combining system documentation along with
purchase, lease and maintenance contract costs

the inventory management module can provide cost
analysis data for any given site in any given
configuration. After including more information
concerning the given systems maximum capacities
regarding memory and peripherals, it can provide

a type of capacity planning as well as cost
factors to support an upgrade to a higher
capacity.

Software inventory management, while
providing report generation capabilities, is
used primarily by other modules. of the
distribution system. The validation testing

module uses the sofiware inventory to determine
which configuration: need to be tested when new
software is released. By maintaining a list of
bundled software for each site, only those
configurations which will ultimately receive the
new software will be tested. It is also through
this module that the releasing organization can
accurately estimate the amount of time necessary
to bundle, test and distribute new software.

The software distribution module utilizes
the software inventory in conjunction with the
hardware inventory to determine which sites will
receive the new software releases after it is
successfully tested. As stated earlier, 1t not
only determines which software is to be released
but which mode of transmission will be used to
transport the software. The inventory
management module maintains site addresses for
postal and electronic mail.

hardware and software
inventory at sites containing more than one
machine of the same make, it may be possible to
reconfigure one of those machines so that two

By examining
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different systems could be run on it in a
degraded mode. This hybrid backup system would
be extremely useful in keeping an essential
system operational during a period of machine’
failure. It could also be used to provide
service during the relocation of a system.

6. Software Distribution

The software distribution module of our
system is responsible for the automatic shipment
of all new software after it has been bundled
and tested. It insures that all remote sites in
the network receive the version of the new
software that is compatible with their hardware.
The actual distribution of the software lends
itself well to automation because it 1is
generally repetitive work. Unique features of
the distribution module include the following
capabilities: 1. distribution to an operational
test site prior to general distribution, 2. use
of different modes of distribution based on the
urgency and size of the released software,
3. inclusion of instructions on how to load and
operate the new software and 4. cutomatic
acknowledgement (see figure 5).

The first feature, the ability to
distribute to an operational test site, 1is
almost an extension of the validation testing

module. In the validation testing module the
new software has been rigorously validated
against a test scenario. However, certain

aspects of the new software, such as overflowing
storage tables and indexes can only be exercised
in an operational mode. Distributing the new
software to an operational test site provides
this additional mode of testing prior to its
general release. If different sites execute
different portions of the sofiware, multiple
sites can be chosen and controlled by the
distribution module. After a specified period
of time, such as 30 days, if there are no
problems with the software it will  be
automatically released to all applicable sites
in the network. An additional benefit of the
operational test slite is that it allows for the
validation of loading instructions and
user's/operator's manual field personnel
prior to general release.

by

The second feature is the capability to use
different modes of distribution based on the .
urgency or size of the release. Determining the
mode of distribution will generally require an
ana.ysis of nead versus cost. Generally, the
fastest method of distribution will be the most
costly., Available means of distribution include
but are not limited to; physical distribution of
tapes or disks and distribution via electronic
mail or direct communication links.

Most releases will be of a routine nature
and can be accommodated by a relatively simple
distribution system. In its most <elementary
state the system will copy the new software to a
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magnetic tape or disk, providing one copy f.«
each site that is to be a recipient -7 ctne new
software. It will then print a mailing label
and a set of loading instructions for each site.
The main advantage of this method is that it can
handle the largest releases, including
completely new operating systems. Additional
advantages are that it minimizes shipping costs
and the updated user's/operwtor's manual can
accompany the software relaase package. The
main disadvantage is that it :s slow in moving
software to the remote sites. Part of this can
be attributed to the need to generate one copy
for each site, and partly to the available means
of transportation to remote sites, especially
outside the continental United States. The copy
and forward method can also be used to transfer
hybrid backup systems (see inventory managenent)
to be used during system failure.

The second type of distribution is for time
critical emergency releases. This type of
distributicn utilizes the existing communication
1inks of the system or some special link to
quickly transfer the new software to a
particular site. Other factors to be considered
when selecting this method include the size of
the release, the number of sites which must
receive it and the availability of the

communciation 1link for an extended period of
time. The main advantage of this method is its
speed. Emergency patches to software can be
quickly transfered along with the loading
instructions. Another advantage is the use of
the networks own communication system to
transmit a single copy to all remote sites

concurrently. The main disadvantage is the high
cost to transfer over long distances to numerous
sites. Other disadvantages are that the network
jtself must be operational and that a large
release could tie up the communications link for
an extended period of time.

The next feature is the software
distribution module's capability to incorporate
instructions into the release package. While
the receiving site may have the knowledge to
load its own software, this seemingly
insignificant capability allows the sender to
furnish specific instructions for each
The loading instructions can have a significant
impact on the software's usefulness. For
cxample, new software might be time sensative -
simultaneous loading of new communication
software may be required at all sites - loading
at any other time may cause edit errors and
incorrect updates.

The final feature to be discussed is
automatic acknowledgement. Two types of return
acknowledgement should be built into any system.
The first is acknowledge-ment of receipt of the
new software. If the distritution was through
the network's communication 1links this can be
automatic; otherwise, the receiving site must
manually trigger a return message stating when
the new software was received. It ig important
for the releasing agency to have a historical
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record of when and how each release was received
by the remote sites. The second acknowledgement
is generated by the remote site. It is an
informational message telling the distributing
office that the remote site has ccmplied with
the instructions and is or is not currently
using the new software. If the remote site
encountered any problems in loading or operating
the new release they may also include narrative
description of the problem in this message.
This return infcrmation is stored by the
software d.stribution module for a specified
period of time.

7. Concluding Remarks

Any large organization deeply involved in
distributed - processing would benefit from an
automated configuration management system.
After determining the need, but realizing that
the resources are limited, the next question is
logically "Where should we start?". Because
operational sites are so dependent upon the host
for valid software and because the organization
itself may not survive without online data
processing, the validation testing section is
our choice for initial development. It assures
the distribution system that the software being
released is worth the effort; however, it is
hard to distribute the software without knowing
who needs it. For this reason we chose the
inventory management module as the second step.
The inventory management information must be in.
a format readily available for software
distribution; therefore, it is natural for
these two units to be developed concurrently,
leaving change ° control as our last effort.
Regardless of order of development, each module
should be as independent as possible to allow
for future enhancement and redesign.
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Abstract

The Terminal Probe method has recently been used to compare
selected performance indices of different interactive computer
installations. Since these comparisons have been done under the
“natural" work load of the sy§bems several validity questions
arise. :

In this paper we present results which summarize our
experience in 19 systems with more than 11.0¢088 measurements made
over a span of two years. We analyze the empirical benavior of
response time and find system independent statistical properties
which enable us to attain predetermined confidence intervals for
our values. Moreover, we have found a family of statistical
models which fit our data in a comprehensive way: not only the
mean and variance of our response time distributions are well
approximated but the modelled distributions fit the observed
ones, Thus, ordered statistics can also be obtained.

We may now control the data gathering period better, and,
what is more, we have a predetermined statistical confidence in
our curves. Thus, the robustness of the method is justified for
comparisons,

.

Key words: Benchmarking; generalized linear models, N
installation compar isons; linear predictor; performance;
performance indices; terminal probe; UNIX operating system;

work load estimators.

1.8 INTRODUCTION

—— e e - i ——————— o —

This research was supported in part by :
the National Science Foundation grant Over the vyears the so called

MCS-8012908 and by a Pontificia Univer- Terminal Probe Method has been utilized

sidad Catolica de Chile research grant in a variety of contexts. Indeed, not

DIUC 47/82. only it has been used to assess a
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specific configuration under a
controlled work 1load, but there have
also been studies which use it as a tool
for comparing different installations
operating wunder their "natural® work
loads. Thus, questions regarding
representativity and validity of these
comparisons have been posed. These
guestions have remained unanswered.

In this paper will present a
study which shows that there exist
system independent statistical
properties of performance data, gathered
using the Terminal Probe method, which
enable us to draw firm conclusions from
studies based on approximate work 1load
estimators. Moreover, the study also
shows how one can limit the data
gathering period and how one may select
some predetermined values of the work
load estimators as sole objects of
measurement, thus reducing the method's
overhead even more.

we

Our results are based on 11,813
measuremnts taken on 19 systems over a
span of two years. All of the systems
were presented with the same portable

benchmark which runs on any UNIX system.

Even though our benchmark gave us three
“"time" measurements; user, system and
response time, we have 1limited our

discussion to response time.

Section 2 briefly explains the data
gathering method and the systems
studied. Section 3 gives a study of the
correlations observed between our work
load estimators. Section 4 summarizes
our study of the response time
distributions, as functions of our work
load estimators. Section 5 introduces
our main statistical tool, the
generalized lirear models, and presents
the approximations obtained with GLIM.
Finally, we present our conclusions in
Section 6.

2.8 THE DATA GATHERING METHOD AND THE
SYSTEMS MEASURFD
All of the installations wused for
our measurements run versions of UNIX
operating systems. UNIX is a trademark
for a family of operating systenms
developed at Bell Laboratories over the

last 14 years (11,14]. 1In 1969 a first
version was implemented on a PDP-7, and
since then they were ported to PDP-lls,
VAXes, IBMs, Amdahls, Interdatas, NCRs
and others. In 1979, a group at the
University of California at Berkeley
implemented a paged virtual memory
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extension to UNIX for the vaX (1], which
is now part of what is known as
"Berkeley UNIX™. Most of our

measurements were done in this last type
of system.

Oon logging in in a UNIX system each
user is assigned a special process
containing a command interpreter, known
as the "shell™ (3], which listens to the
terminal. The shell parses the. input
line and decodes the command requested
along with 1its flags and arguments.
Then it execs the command. Shells may
also read commands from files., Thus
users may define sequences of shell
commands, known as shell scripts, and
store them in files for later
invocation. The versatility of these
scripts 1is greatly enhanceu by the fact
that the shell language also contains
control-flow primitives, string-valued
variables and arithmetic facilities.
Since UNIX automatically handles all
file allocatiorn decisions, the
portability of these sciipts is greatly

facilitated.

The strategy for monitoring
responsiveness of each system was the
same as that used in [4]. It consists
of running a script which has a set of
predefined benchmarks 'together  with
commands which gather statistics about
the work load and measure the time it
takes the benchmark to terminate. The
script runs periodically in a totally
automatic way. Each time the script
cycles through its commands, it executes
a "sleep® command that suspends its
execution and then wakes it up after a
predetermined number of seconds. We
decided to use the time command because
of our commitment to use standard UNIX
tools. Time has a rather low resolution
and truncates, it does not round off.
More details can be found in [5,6}.
be

This data gather:.g method can

categorized as a time-sampling method
(9] and is in fact very similar to
Karush's terminal probe method (18]. By
using it with a system in normal

operation one evaluates the performance
of an installation.

Table 1 presents a summary of the
number of measurements for the varlious
systems. Hardware changes were made to
an installation in some cases. For
statistical reasons we had to consider
the systems which existed before and
after the change as being different.
(For example, in Table 1 VAA and VAB
correspond to two Ssuch systems. This
change, & fairly trivial one, was the
addition of some ports to the
installation.) The most important
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: ©System : No. of Measurements :
: Vi : 3427 ;
P7A : 3206
VM 1467 H
‘P7B 1816
VAA 844 :
ve 791
vB : 435 :
P4A 3gl :
pP4B 235 H
VAB 91
Total : 11,813 ;
Table 1: Systems measured and

the number of observations.

mnemonic element in the names
by the first letter.
begin with a P are PDP-11 systems.
Those with a V are VAX systems. All
VAXes are 11/788, [7). If a 7 appears
it means 11/78 and a 4 means 11/40.

is given
Those names which

There were a total of four
different installations, three at the
University of California, Berkeley, and
one at Purdue University. Those
measurements labeled vC come from
Purdue, where the VAX 11/780 had, at
that time, a configuration with 3M bytes
of main memory, 56 ports, three RMB3
disk drives on Massbus # and one TE 16
tape drive on Massbus l. Measurements
from P4A and P4B came from a PDP 11/49
which had 298K bytes of main memory, one
DIVA disk controller and three DIVA disk

drives with 50M bytes disks. This
installation had 23 ports and no
floating point arithmetic unit. The P4B
measurements were made on the

installation without a cache memory, and
the P4A with a 2K cache memory. The P7B
measurements were made on a PDP 11/79
with 1.3M bytes of main memory, 2K cache

memory, one DIVA disk controller with'
four DIVA disk drives and an RS84 fixed
head disk used as swapping device. This
installation had 81 ports. The P7A
measurements were made on the same
installation with 2M bytes of main
memory and where the drum was used for

storing temporary files instead of as a
swapping device.

All of the other measurements were
made at the same installation which went
through sucessive changes. VB was an

RIC
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11/780 with 512K of main memory, two
RP®6 disk drives, one TE 16 tape drive
and 16 ports. This was a "swapping"
UNIX system, VAB was the same
installation but running a paging
version of UNIX. VAA was VAB with 8

more ports installed. Vi had 2M bytes
of main memory, 2 RPB6 disk drives, two
CDC 38@M byte disk drives and 32 ports.
VI had 4M bytes of main memory, 4 RPO6
disk drives, two CDC 3¢48M byte disk

drives and 72 ports.

CORRELATIONS ‘AMONG

ESTIMATORS

WORK LOAD

Throughout our data gathering
period we ran a script which contained
three basic tasks: a C compilation, a
CPU bound job and a text formating job.
We also measured three work load
estimators: the number of users logged
in (nu), the number of processes in the
process table (np), and the number of
active users (nau). Nau was obtained by
counting the number of ports which had
more than one process associated with
them. This generated a bias in systems
where there were several deamons
running, but no correction was made
because the same number existed during
the entire data gathering period. We
also measured the global response time
of this mix, which we called script.

At a latter stage, and only for the
systems VI and P7A, we appended two new
tasks to exercise aspects of the systems
which were found not to be well
individualized. These tasks did not
alter the measurements taken of the
initial mix. They were a copy of a 68K
byte file within thé same disk, and an
editing session involving a series of
commands made to a 68K byte file.

The choice of these
load estimators has been documented
(4,5,6]. Nevertheless, their
correlations were now studied. As they
are related to each other, it was of
interest to decide if we could explain
the same phenomena with just a subset of

portable work

them. Table 2 presents the results
obtained for the correlation
coefficients corresponding to all the

measurements in each sgystem.

From Table 2 we observe that there
exists substantial correlation between
the different pairs of estimators.
These coefficients are certainly larger
than those observed in the social -
sciences, which are on the order of .4,
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nu vs nau

: vI : .899
: P7A : .917
: VM : .889
s P78 : .946
H VAA H .852
: vC : .881
: VB : .842
: P4A : «677
: P4B : .410
: VAB : .492

Table 2: Correlation coefficients

Correlation Coefficients

nau vs nNp : nu vs np :
.799 : .689 :
.849 : .791 :
.854 : .783 :
.9083 : .884 :
.838 : .746 :
.769 : .686 :
.855 : .77 :
.828 : .660 :
«345 : .470 :
.986 :  .686 :

between work

load estimators for the different systems.

obtained in
are on the order of
also see that the
pair which tends to be less correlated
is nu vs np, which suggests that these
two estimators measure different aspects
of the work load. We also observe that
for P4A and VAB, nau and np are much
more highly correlated than the other
two pairs. In Section 5 we shall see
that for most systems and tasks, nau
adds no significant additional
information to that given by nu and np.

than those

which

and smaller
economics,
.95. Moreover, we

looks.

Using the SPSS facility called
SCATTERGRAM ([13]), we were able to plot
response time for our different tasks as
an individual function of each of our
work load estimators. Moreover,
scattergram also gives us an idea as to
how each cross section distribution
» . It is unfortunate that it prints
values only through the digit 9, but

further analysis enabled us to plot the
exact histogram, and hence the observed
shape of each distribution. We shall

discuss this in Section 4.
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Figure 1: System VI. Scattergram of the task man man.
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Two very important observations 3.1
should be made from these figures.
First, the variance of the response time
distributions increases as the work load
estimator :increases. Second, the
distributions show a large degree of
skewness towards the larger values of
the work load estimators. This means
that large upper “tails" were observed.
These two Statistical characteristics of
the behavior of response time applied
consistently to all systems and tasks in
script.

Robustness of Qur Correlation
Coefficients

The correlation between work load
estimators 1is a function of the working
habits of the installation's user
community. Table 3 presents the
correlation coefficients obtained from
random subsamples in all systems. The
size of the subsample and its percentayge
of the whole sample are indicated.

Figure 4 has the scattergram of nu By comparing Table 3 with Table 2
(NUSERS) versus nau {AUSERS) observed in we see that there 1Is indeed great
system P7A. The  most interesting stability in these numbers. Another
statistical feature of it is the remarkable fact is that all relative
existenge of two clouds. The principal orderings between coefficients are
one, (i.e., the one in diagonal), was preserved. In each system the ordering
typical of all ‘of these scattergrams. of the «correlations coincide. This
It graphically shows why . the two clearly indicates a high degree of
estimgtgrs have such a high «correlation continuity in user habits. On the other
coefficient. The secondary cloud, that hand, some hardware changes do bring
parallel to the horizontal axis, 1s a different bahavior patterns as can be
small cluster of points which depicts ceen with P4B and P4A, VAB and VAA,
the system with a large number of wusers From an overall analysis of the behavior
logged 1in but very few doing work. It of each installation which underwent

must be said that this did not occur hardware changes, we were able to detect
often, because there are only 386 such changes in the user habits only when the
measurements out of the 3286 we had for = pnardware additions significantly altered
P7A.  Most systems did not exhibit such the responsiveness of the system at all
a distinguishable secondary cloud. levels of the work load.
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:No. of :% total : Correlation Coefficients 3
System : meas. : meas. :nu VS nau:nau vs np:nu vs np:

* - —— S = - ———— ]

vl 1788 : 49.78 : .896 : .785 .668
P7A 1471 49.71 .909 .849 : .795
VM 740 50.04 .880 .860 .789
p7B 515 50.06 .948 .899 .885
VAA 425 50.083 : .842 : .821 -74¢0
vC 398 58.31 : .887 776 .684
VB 225 51.72 : .836 .861 : 769
P4A 156 51.65 .785 .834 .698
P4B 114 48.39 .384 : .343 s .489
VAB 39 42.85 .339 .856 s .481

Table 3: Correlation coefficients of subsamples.

3.2 Data Of Two Systems Mixed Up
When analyzing Figure 5 we noticed

and traced the hardware change. In the
data for VAB and VAA we saw that most

As a case in point for always doing correlations improved. Moreover, the
visual analysis of the data we present pair nau and np showed such a large
Figures 5, 6 and 7. A small hardware increase that we chose it for display.

change, the addition of 8 ports to an Figure 6 has the scgttergram for VAB and
installation, had gone unnoticed. We Fiqure 7 that for VAA. The new
had labeled this system VA. Even though correlation values obtained for the two

this change may seem unimportant, Table systems were in greater harmony with the
4 shows the effect it had 1in the other VAX measurements. The 1low value
correlation coefficients. The obtained for nu versus nau in VAB may be
regression analysis was affected attributed to the use of software that
accordingly. The two resulting systems began running in that system at the time
were labeled VAB and VAA. {(6,8].
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: System - : nu vs nau

: VA : .758

: VAB : .492

: VAA : .852
Tatle 4: Correlation

up systems.

4.0 ANALYSIS OF TH= RESPONSE TIME
DISTRIBUTIONS
In Section 3 we mentioned that the

scattergrams of

the different tasks in
the different systems consistently
showed that the distributions for
response time had larger variances and
larger degrees of skewness for higher
values of the work load estimator.

EACH * REPRESENTS

MIDDLE OF NUMBER OF
INTERVAL OBSERVATIONS
4. 0
8. 53
12. 28
18. 8 sean
20, 8 TR
24, 4 **
28, 6 x
3z. 4 %
36. 4 bk
40. 1 *

Figure 8: System VI. Clustered histogram

Correlation Coefficients :

nau vs np : nu vs np :

.769 : .443 :
.9086 : 606 :
.838 : +746 :

Coefficients for mixed

Figures 8 and 9 are histograms,
obtained using wminitab [16], of the
cpu-bound task in VI and the P7A systems

respectively. They correspond to the
measurements made when each of these
systems had 18 wusers logged in. When
done on a larger scale, with
consequently less clustering, they show
even larger tails. Inspection of these
histograms clearly shows that response
time does not follow a normal
distribution.

2 OBSERVATIONS

EXXXEVEXX XXX XXX XRERARKXKESR
XXX RRXKR

of response

time. Task cpu-bound. 10 users logged in.

tttttt#t#ttttttt*ttttt*ttttttttttttttttttttt

MIDDLE OF NUMBER OF
INTERVAL OBSERVATIONS
5. 2 %
10. 44
15 19 X AR XXX EBEERR
20- 10 ERREBXEEEK
25. [ L XX R
30. 12 XS XXX X
) 9 LR R
ig 5 AE KK R
45, 1 *
50. 2 * =
55. 2 %
60 1 *
Figure 9:

System P7A. Clustered histogram of response
time. Task cpu-bound.

10 users logged in.
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The ideal work load estimator 1is
that which exactly determines the
activities in a system. Response time

measured against an ideal estimator will
behave as a function; i.e., the
variance of the measurements is zero or,
in other words we always obtain the same

value. It is clear that our estimators
are fairly rough. Their main advantages
and interest arise from their easy
definition, their portability and the
low overhead involved in their
measurement. The problem then 1is to
find suitable statistical distributions

to fit our data from which we may obtain

estimations of our desired performance
parameters.

A tnorough analysis of our
measurements indicated that response
time may always be accurately
approximated by a Gamma distribution.

This distribution offers the appropriate
flexibility to adequately fit our data.
Our problems are then reduced to
characterize the distribution's

parameters. The problem is that we need

to fit one distribution for each value
of the work load estimator. We also
know that the variances are different.

In full generality this requires finding
too many parameters.

We then looked for possible
relationships between the first and
second moments of the observed

distributions. Much to our surprise we
found that there was a high correlation

Figures 18 and 11
plotted against
systems VI and
measurements were
cpu-bound task using nau
load estimator. The
regression analysis showed
92% of the wvariation
could be explained in
variation in the mean.
P7A. Other tasks and
same behavior and
always above 60%.
relationship provided
complexity reduction
appropriately fit
Model [12].

variance
for the
The

the

AVerage
P7A (N7) .
taken from the
(AC) as work
associated
that in VI
in the variance
terms of the
This was 68% for
systems had the
their values were
This empirical
the final
needed to
a Generalised Linear

depict
the

5.8 MODELLING

SYSTEMS

DATA WITH GLIM IN FIVE

GLIM is an interactive package for
modelling data through generalised
linear models [2,12]). Its wutilization
allows fitting different parameter
combinations to the data in brief time.
The theory behind the models |is
presented in Section 5.1. From the
user's point of view, one defines a
dependent variable, yvar, which for us
corresponds to response time, and fits
its expected value in terms of other
observed variables. Whenever more than
one such observed variable exists, as in

between the mean and the variance. our case where we have nu, np and nau,
VA VI
1800.+
_ .
1200.+ s %
- %
- %
: s %
600.+ L
- .
- s %%
- 5%
0.+ 4% 2
Fmm o ——————— o= tm————— = +AV VI
0 20 40 60. 80.
Figure 10: System VI. Mean versus variante. Task cpu-bound.

Work load estimator: nau.
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- .
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Figure 11: System P7A.

Work load estimator:

linear combinations of them can also be
fitted as in ordinary regression
analysis.

also
underlying

Moreover, GLIM
choosing the

distributions, and has
modelling assumptions for each such
class. For example, normal errors are
assumed to have the same variance. This
is not the case for Gamma errors, where
the variance 1is assumed to be a fixed
multiple of the mean. The analysis

presented in Section 4 supports this

last hypothesis. Since we had observed
that the distibutions had gamma shapes,
and that the variances were directly
proportional to the means, we assumed
that GLIM errors were gamma.

permits
error
different

of choice which
relationship, or
link, existing between the expected
value of yvar and the estimating
variables. Possibilities include the
identity relation, the inverse, square
root, and logarithm among others. If,
for example, one chooses the logarithm
relationship, then it means that the
values of the fitting model and yvar are
linked through the logarithm; 1i.e., the
expected value of yvar is the
exponentiation of the value given by the
fitting model.

The other degree

GLIM offers 1is the

It is well known that response time
as a function of work load estimators
behaves exponentially [4,5]. Thus the
logarithm link was used. As a criterion
for evaluating alternative fitting
models, we not only consldered the
deviance given by GLIM, which 1is the

207

Mean versus variance. Task cpu-bound.

nau.

maximized likelihood, but also looked at

the sums of squares «f the differences
between our estimation and the
observations. GLIM minimizes this in
the presence of normally distributed
errors.

5.1 Tne Generalized Linear Models

Underlying
statistical

the concept of a
model for a random variable
is the 1idea that the variable under
investigation has a definite structure
which will explain the values actually
obtained as well as predict future
values. The structure 1is in fact a
description of the population and will
be mirrored in whatever sample we
obtain. It postulates that the variable
can be expressed in terms of other more
basic variables: the components of the
structure. If these latter variables
have fixed (though possibly unknown)
values they are termed systematic
components whereas 1if they too are
random variables they are termed random
components.

Definition of a Generalized Linear
Model

Even though one may consider any
random -variable Y, - where y[i] denotes
its ith sample value, to be
representable by any combination of any
number of components, for most practical
purposes simple structures suffice. A
Generalised Linear Model (GLM) is
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determined as follows. Let a set of
independent random variables Y[i] (i
1, ., D) have means u[i], so that

Y(i) = u[i] + e[i]

Then there arve ’‘three basic

which define a GLM:

properties

The Eirror Structure

The probability density function of
Y[1i) is given by p(Y[i])=exp{(Y[i]Q[i) -

b(Qli}))/ali] (F) + c(Y[i),F)} for
suitable choice of a[i], b and c. (Note
that F, termed the scale parameter, |is
constant for all {.) The mean and the
variance of Y[i] can then be expressed
in terms of Q[i) and F:
E(Y[i)) = b*'(Q[i])
var (Y[i]) = b''(Q[i])) * al[i](F)

where primes denote differentiation with
respect to Q.

For example the Normal distribution
is obtained by setting a(i](Q)
b(Q(i}) = 1/2 * Q[i]**2 and c(Y¥([i],Q)
-1/72 * {log(2TQ) + Y[i]**2/F], where F
would wusually be denoted by sigma
squared.

It is convenient to write b''(Q[i])
t[i)**2, the variance function, which
is a function of u[i] only, so var(Y[i])
= a[l}(Q) * t[i]**2 = Q * t[i]**2 / w([i]
where the w([il are called the prior
weights, and the functions a(i](Q) have
the form F/w(i].

The Linear Predictor

The role played by the remaiqida
variables in the structure of each
observation is expressed as a linear sum
of their effects for the observation,
called the linear predictor, n[i],

n(i) = sum{j=1 to plx[i;j] * bgj]

7

where the x[1,j] are known and the b[j]
are (usually 'unknown) parameters. The
matrix X, of order n x p, is called the
design matrix. The righthand side of
the equation {s called the linear
structure. If an x[i,j] represents the
presence or absence of a level of a
factor then b[j] is the effect of that
level; 1if x[i,j] 1is the value of a
quantitative covariable then b(j] scales
x{i,j] to give its effect on n[i]..

The Link Function

The relationship between the mean

of the ith observation and its linear

pred.ctor is given by the link function

gli}):

= Q, .

* turned

208

n[i] = g(i} (uli])

where the g[i] are assumed monotonic and
differentiable. We define h[i] where

uli] = hli](n[i])

function.
could in
function,
and so the

as the inverse of the link
Although each observation
theory have a different 1link:
this is ‘rare 1in practice
subscript is dropped.

In summary, a particular GLM can be
identified by specifying the error
distribution of the random component,
the make-up of ‘the linear predictor and
the function linking the means to the
linear predictors. All error
distributions must belong the
exponential family.

to
!

Analysis Of Five

5.2 Summary Of The

Systems

In this section we present the
results obtained using GLIM on the data
of five systems. We have chosen the
modelling of response time for the C
compilation task (cc) for display,
because of the relevance that the C
programming language has in all UNIX
systems (11,15]. We display seven
linear models based in the three work
load estimators np, nu and nau.

Table 5 summarizes the deviances
and sums 'of squares of the differences
between the fitted points and the
observed ones. The values given by GLIM
have been divided by the degrees of
freedom of the corresponding samples to
take into account the size of the
sample. '~ We have named these quotients
the normal ized deviance and the
normalized sum of squares.

With the exception of P7A,
in Table 5 that in all systems
single estimator was np. In
out to be nau. We can also see
that the best estimator pair was np+nu.
Again P7A was anomalous in this respect.
The scattergrams for rt versus each of
our . three work load estimators for P7A
show that there is a large degree of
variability. This system did not have
the kind of behavior observed 1in the
others which was akin to Figures 1, 2
and 3. Nau does group the measurements
much better in this case. The model is
correct when it gives nau as a better
fit than np.

we Ssee
the best
P7A it

211



: : Linear Estimators :
H nu+nauv:np+nu+nau:

:System : np ¢ nu : nau : np+nu:np+nau:
; ;Notmalized; ; ; ; ; : ; :
: : deviance :.1641 :.1719 :.1914 :.1483 :.1587 :.1783 : .1484 :
: VI {—————————— L L R LD HE R L HE (e ———— :
: :Normalized: : : : : : : :
: :sum of sqr:24.47 :25.66 :26.79 :22.22 :23.26 :26.68 : 22.22
; ;Notmalized; : : : : : : :
: : deviance :.4654 :.3237 :.3611 :.3167 : .333 :.3135 : .3085 :
: PTA  t-———mm———- fm————— fe————— fm—————— (—————— fmmm——— HE R R e e e :
: :Normalized: : : : : : : H
: :sum of sqr:910.9 :360.3 :347.5 :357.5 :347.5 3:347.7 : 341.53 :
fmm———— et S L L R b mmmmmm e fmmmm—————
: :Normalized: : : : : : : :
: : deviance : .175 :.1875 :.1977 :.1609 :.1732 :.1854 : .15636 :
: VM (= e Ha (m————— HEE it fm———— fm————— e —————
: :Normalized: : : : : : : :
: ssum of sqr:179.8 :207.0 :209.5 :179.3 :181.0 :203.9 : 178.8 :
; :Normalized: : : : : : ) : :
: : deviance :.2408 :.2566 :.2887 :.2334 :.2410 :.2546 : .2157 :
: PIB (-—mmmmmeem i B et fe————— tm————— m————— fmm———————
: :Normalized: : : : : : : :
: :sum of sqr:491.6 :540.9 :574.9 :498.6 :490.9 :537.1 : 447.79 :
: :Normalized: : : : : : : :
: : deviance :.1132 :.1463 :.1656 :.1691 :.1125 :.14062 : .10869 :
: PAA -memmmmmem e B et s fmm———-— e ———— fmm———— - :
:Normalized: : : : : : : :
:sum of sqr:210.2 :237.2 :245.7 :2106.1 :209.3 :236.8 : 288.0 :

Table 5: Normalized deviance and normalized sums of squares for the
different systems and linear estimators. Task: C compilation.

The failure of np'to be the best

single estimator indicates that the It is interesting to notice from

. Tables 6.1 and 6.2 that 1in several
users in this system must have

peculiarity not Y present in othe? systems the addition of nau to the
systems. This may he due to the fact estimator np+nu does not increase the
that it is heavily used for accuracy of the model. Moreover, there
instructional purposes. Since many are other systems where the normalized -
users may be concurrently executing the deviance and the normalized sum of
same code, such as a toy operating squares do improve but the coefficient
system for example, severe distortions . associated when nau has a standard error
from the np estimator point of view may which tepdets it not significant. These
exist. For = example, the memory observations lsad us to conclude that
utilization of several users executing for most systems nau does not add
the same shared piece of code is much significant modelling information in the
less than it would be if each had his presence of np and nu. In the case of a
own copy. Thus the load on the long data gathering period, after an

resources of the machine is 1less than  wniiner mas is indeed necded nd 1o aoe
that  suggested by the number of  opjt gathering statistics about it.
processes. This load is clearly more  <This will reduce the overhead of the
faithful to the number of active users. method and its total cost, while
Tables 6.1 and 6.2 have all the preserving its modelling accuracy.
parameters given by GLIM in the analysis
of the task cc. In Section 5.1 we saw
how to obtain analytic formulae to
represent the expected value of rt in
terms of these parameters.
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: : s Y S T E M S .
:Parameters: v i : P 7A : VM :
: :Estimate:Std.Error:Estimate:Std.Error: Estimate:Std.Error:
IGM -ﬂ 8103 :.5845E-1 :-1.919 .7959E-1 : .5254 : 10088
np :.3029E-1:.6104E-3 :.31358-1..63883 3 :.5679E5-1:.2155E-2
scale : .1642 : .4656 : «1758
SGM : 1.533 ..13298 1 : 1.736 :.1980E-1 : 2.748 ..1933E 1
nu ..3962£ 1..8237B 3 ..55478 1:.8986E-3 :.8015E-1:.2968E-2 :
scale : .1719 : .3237 : .1575 :
SGM s 1721 ..11508 1 : 1.747 .2234E-1 ; 2.467 :.3164E-1
nau . .5¢28 :.1213E-1 ::.6462E- 1..12ﬂ0£ 2 : .19047 :.4341E-2 :
scale : .1914 - : .3611 : .1977
: IGM -.314E- 2..6737B -1 : 1.143 ..7197E -1 : 1.104 : .1282
: np ..1865E 2:.8011E-3 :.5721E-2:.6688E~ 3 :.3961E-1:.3075E-2
nu :.2136E-1:.1857E-2 :.4937E-1:.1128E-2 :.40832E-1:.4090E-2
scale : .1484 : 3166 : .1609
$GM :-9.2587 :.7452E-1 : .6764 .7219E-1 : .8455 : .1446
: np <.2310E-1:.8622E-3 :.1001E- 1 .67318 3 :.4586E-1:.3966E-2
nau : .1800 :.1587E-1 :.53823 1..143SE 2 :.2758?-1:.75168-2
scale  : .1587 s “3330 sy .1732 :
$GM : 1.544 ..13198 -1 : 1.666 :.2082E-1 : 2. 628 ..36”83 1
nu :.2973E-1:.1349E-2 :.3582E-1:.2208E-2 :.5818E-1:.6853E-2
nau : .1696 :.1882E-1 :.2672E-1:.2791E-2 :.3467E-1:.8623E-2
;";ééié"';""'..ié5§ . ....;.. ...:5i3é . .; . ...:iééé....., :
som i 1297E-1:.7326E-1 : 1.174 :.7104E-1 : .7469 : .1389
np :.1849E-1:.8680E-3 :.48118-2..6636p 3 :.5351E-1:.3770E-2
nu :.2098E-1:.13208E-2 :.3161E-1:.2243E-2 :«6612E-1:.5560E-2"-:
nau :.9277E-2:.1917E-1 :.2527E-1:.2783E-2 :-.631E-1:,9850E-2
:..........:........:.........:........:.........:........:.......,<j/
scale :  .1484 : .3085 : .1564 :

Table 6.1: GLM parameters for three Systems and seven linear
estimators. Task: C compilation.
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¥ e e e e e = —_———————— —— — ————— = — = ==

:Parameters:

P78 T
:Estimate:Std.Error:Estimate:Std.Error:

P 4A

LGM : -1.229 : .1529 : .6347 .1491
np :.3951E-1:.1401E-2 :.7122E-1:.4629E-2
" “scale i .2408 S ¥+ R
i *GM S TT2.060 :.4108E-1 : 2.465 :.4433E-1 :
nu :.4390E-1:.1626E-2 .15¢9 :.1258E-1
scale .2566 : .1463
$GM : 2.030 :.4724E-1 : 2.162 :.B466E-1 :
nau :+.5319E-1:.2201E-2 : .1395 :.1466E-1 :
: scéle....... ..'iééé.......;.... .:iégi.......;
tGM -.1511 : .2514 : .9139. : .1685 :
np :.2589E-1:.2892E-2 :.5752E-1:.6052E-2
: nu :+.1728E-1:.3250E-2 :.5109E-1:.1448E-1
: scale .2334 : .1091 :
: GM -1.381 : .2799 : .5103 : .1673
: np :.4150E-1:.3342E-2 :.8106E-1:.7384E-2
: nau :-.321E-2:.4794E-2 :-.344E-1:.1934E-1
: scale .2410 : .1125 :
: $GM : 2.112 :.4508BE-1 : 2.212 :.7903E-1
nu :.5862E-1:.5897E-2 : .1140 :.1604E-1 :
nau :-.198E-1:.7526E-2 :.65198-1:.17578—1 :
scale : .2546 : 1402 . :
:  %GM :-p.9839 : .2656 : .7749 : .1755
np :.3762E-1:.3166E-2 :.7859E-1:.7633E-2
: nu :.5266E-1:.5435E-2 :.6126E-1:.1486E-1 :
nau :-.637E-1:.7889E-2 :-.56PE-1 .1955E-1 :
: scale .2157 : .1068 :

Table 6.2: GLM parameters for

two systems and

seven linear estimators. Task: C compilation.

5.3 Robustness Of The Results In Three

Systems

in Tables 7, 8 and 9 we present the
parameters given by GLIM when ramdom
subsamples of different sizes of the
same distribution were analyzed. We
considered the same task as in Section
5.2: the C compilation. These
subsamples were made from the total
sample by a program which selected
random entries with a fixed probability
for membership. We created three files

217

with membership probabilities of .5, .25
and .125, to check the robustness of the
modelling technique.

From the appropriate entries in
Tables 6.1 and 6.2 we may see that the
coefficients found in Tables 7, 8 and 9
are very robust. In almost all of the
cases (the exception being the 178-point
subsample in System VM) the estimators
for the smaller samples were within
their standard error from those found in
the larger samples.
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: Sample Size
Std.Error:Estimator:Std.Error:Estimator:Std.Error:

: Sample Size 1497

parameter :Estimator:

729 : Sample Size

.6130 ;

GM .5640 : .1921 - : .6787 : .l404 : .1906 :

np L.112E-1 : .9473E-3: .9783E-2: .13P4E-2: .1869E-1: .1755E-2:

nau : .5146E-1: .2@82E-2 : .S6@88E-1: .2785E-2: .5173E-1: .4124E-2:
....;é;ié.........:5363.......;........5iaé.......;.......:iiéé.......;
Table 7 System P7B. Robustness of the selected.llnear estimator. )

Task: C compilation.

Sample Size

Sample Size 1722

851 : Sample Size 428

Parameter Estimator:Std.Error:Estimator: std.Error:Estimator:Std.Error:

.

«GM  : -.1275 : .9481E- 2i- . 6774E-2: .1485 : .6659E-1: .1886 :
Ap 3p28E-1: .1128E-2: .1893E-1: .1652E-2: .1765E-1: ;2264E-2:
nu "3808E-1: .1502E-2: .20832E-1: .286PE-2: .2341E-1: .2955E-2:
. scale Y'Y : 11422 : .1309 :

Table 8. System VI. Robustness of the selected linear estimator.

Task: C compilation.

-_.__-—..___..___..__-_-—..__—______—________—___—_.._..._—_.._—______—_——____...
. .

: Sanple Size

: Sample Size 739

365 ; Sample Size 178 :

Parameter Estimator:Std.Error:Estimator:Std.Error:Estimator: :S5td.Error:

|
i
|
|
|
|
|
|
|
|
|
|
|
¢
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
)
|
|
|
|
|
|
|
\
|
|
|
1
|
)
|

IGM : 1.348 .1828 : 1.428 : .2424 :-.5394E- l. .3657
np . .3401E-1: .4387E-1: .3289E-1: .5783E-2: .6752E-1: .8716E-2:
nu .4529E-1: .SB83S5E-2: .4458E-1: .7294E-2:-.1081E-2: .1862E-1:

.'k.';é;ié'.."' .I:i%az‘I.IIIII;IIII .I:iéés""'.';' I"II:iiéé'.'.".;

Table 9. System VM, Robustness of the selected linear estimator.

Task: C compilation.

However, the price paid for fewer
data polints was much larger standard
errors of the fitting estimators. Given
that each smaller sample was roughly
half of the larger one, we see that
standard errors diminished approximately
25% when the size of the sample doubled.
This rule can be a guide in deciding the
duration of the data gathering period as
a function .of the desired accuracy.
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We also appreciated that for the
best linear estimators in each system,
those found from samples which had more
than 388 points showed high levels of
significance, i.e., the standard error
of the estimators were small. This
gives us an empirical global bound on
the minimum number of data points one
should gather in a system.
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6.8 CONCLUSIONS

~ We have found that response time
has a statistical behavior which |is
consistent enough to permit the
utilization of generalized linear models
(GLMs) ‘to describe and predict its
values. This, in turn, has validated
the utilization of rather imprecise work
load estimators, such as response time
(rp), number of users (nu) and number of
active  users (nau), as basis for
estimating selected performance indices
in a computer installation.

the
comparisons of
different compdter installations using
the terminal probe method as data
gathering technique while the systems
are executing their natural work loads.
We have also seen that a minimum of 300
points per installation appears to be
necessary for obtaining a minimum of
accuracy, and that doubling the size of

the robustness of
permit

Moreover,
models also

the sample will reduce by 25% the
standard error of the parameters
estimated by the model. Wwe may then
assess the cost of achieving a

predetermined error bound much better.

When measured against our work load
estimators np, nu and nau, response time
appears to have Gamma distributed
values. What is more, we have
empirically observed that the means and
variances of these distributions are
highly correlated as functions of each
of our work load estimators. Their
ratio is almost directly proportional to
the values of the work load estimator.
This behavior is essential when using a
GLM with Gamma error, and gives us a
better understanding of the behavior of
response time.

we could also observe that for most
systems -and tasks, nau adds no
significant additional information to
that given by np and nu. This fact can
be used to reduce the data gathering
cost and the overhead of the terminal
probe method.
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SOME ELEMENTS OF SOFTWARE FUNCTION
AND COST ANALYSIS AS RELATED
TO PERFORMANCE

James E. Gaffney, Jr

Federal Systems Division
Gaithersburg, MD 20017

This
analysis.
software will perform as specified.

«

) 4

paper provides 'some elements of- modern software function and cost
Proper emphasis on the software process is basic to ensuring that the

Subjects covered are:

the establishment of

requirements, life cycle management and costing. They are all attributes of the

software management process.

Keywords: Costing, life cycle management, requirements, and software management.

1. Requirements

Good communications between the software
producer and the user is central to the
realization of the software performance, goals
derived by the user. This means establishing
what functions are to be provided and agreeing
to cost, schedule, and quality objectives, and
appropriate measures of them.

"Good management of software involves both
producer and user, and starts with a clear
statement of the functions that the
software is to provide and continues with a
methodology that provides the technical
controls and resource management to produce
high quality software Y}?hin acceptable
funding and time limits."

The software implementation process may be said
to consist of four stages; the development of
requirements, the creation of a system
description, the creation of a, design, and
finally the writing of the code that will
effect the portion of the requirements
addressed by the software (others may be
addressed by hardware per se). Each of these
stages is increasingly specific in expressing
desired functionality. The first three address
peoplé; only the last addresses the computer

irself. The program implementation at each
stage is a vehicle for communication of
function. Each stage is an elaboration and

implementation of the previous stage. Ideally,
the progression from requirements to code is
linear; actually, there is often feedback among

the stages. . e

Sy
/
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The establishment of requirements is often a
very difficult task. Requirements include
statements about the functionality to be

provided, and also designation of the spatial
and temporal performance objectives that the
software is to satisfy. Proper attention to
requirements 1is important because quality Tﬂ¥
be defined as 'conformance to requirements."
Most generally, such "conformance" means that
the product meets the needs of the user and
satisfies stated performance criteria. Some
specific measures of software quality that have
been employed are:

° latent error content -~ defects present
at time of delivery (estimated)

° mean time between failure

° number of defects found during some test
period.

It can be said that "quality" is an aspect of
“product integrity" which includes, among other
aspects of the software development prOfSTs.
adherence to schedule and cost objectives.

2. Life Cycle Management

The basic objective of software development
management is to produce a desired amount of
function at a specified quality level, within a
given cost and -schedule envelope. Appropriate
quantitative and qualitative management

_ techniques should be applied to identify and

control the stages of the software development
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process and assure the quality of the resultant
product.. A quantitative management  support
system is suggested as an ald to the life cycle
management process. Prior to the initiation of

the development process, basic parameters of
the software process and product including:
amount of  function (indicaced by number of
source  lites of code or other appropriate
measure), intended cost, and schednle should be
estimated. During the development and
maintenance/vperations portions of the life
cycle, parameters of the process and product

can be monitored for adherence to objectives or
requirements established earlier and
corrections to the produce and product may be
made as appropriate. At various stages of the
life cycle, data about both the process and the
product can be collected. This information can
be used to make corrections to the
estimation/preuiccion models, and more
genetally, to support the objective of learning
from experience in a structured manner so that
"it can be done better the next time." A key
element of the software process is that there
be a continuing interchange of data between tne
management support system and the (software)
life cycle process.

3. Costing

Ihe cost of software, both development and
maintenance/operations, may be computed from
the general relationship:

Labor (man months) = function to be

developed x development rate
There are a number of measures of functlon
'size' available. Probably, the most commonly
used is 'source lines of code' (SLOC). There
are alternatives to this measure, such

'"function points' developed by Albrecht.[iﬁ
This measure relates the amount of "function"
the software is to provide to the data it is to
use (absorb) and to generate (producfg]
'Function points' are relatable to SLOC. 6
Also, Britcher and G:ffney have suggested,[ !
based 0F7fhe state machine model of a software
system, another way of measuring the amount
of function to be provided by a software
system. They observe that any software system
should have the same number of 'levels' of
elaboration of function. Hence, one should be
able to produce an estimate based on the number
of "boxes" at a certain functioral level in
recognition that, on the average, about the
same amount cof function should be resident in a
"box" at a given level in the specification
hierarchy. The amount of function (say
represented by SLOC) is a key parameter tc be
used by the performance analyst, even before

the code has been written. Indeed, as Smith
has described, ... a static analysis [can be

used] to derive the' mean, best case, and wucst

case response times. The static analysis 1is
based on the optimistic assumption that therc
are no other jobs in the[éﬁnst configuration
competing for resources." This type of

RIC
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analvsis  deals with  what (Has beenr  termed
moneprogramming pertformance.
The 'development rate' specifies the rate (say
in man monthe per thousand SLOC or per runction
point) at which the function is  tao be
developed.  The ‘'development rate’ should be
raken as the sum of the rates for cach ot the
relevant actijvities or work components that
particular softwarc development

constitufYO]a
process. These components the bf?{f
for a software engineering management medel

are

used by the Federal Systems Division of 1BM.
Sixteen work components have been identified
from which the software organization or the

engineering organization involved in a software
development preject can structure its
particular activities. They ar::

requirements definition
software system descripuion
software development planning
engineering change analysis
tunctional design

program design

test design

software tools

design evaluation

module development

development testing

problem analysis and ecrrer corrvction
sofrware system test procedures
sof iware integration and test
systum test suppor:s

acceptance test suppoert

scftware

'

Thus, a cost estimate can be made by
considering the nature of the particular
software development job and the work
components (such as program design, coding,
etc.) that constitute it. Then, the labor (man
months) tor each component is estimated. The
sum of these man month figures is the amount
required for the given job. Considering the
development process in terms of its

constituents enables the estimator to achieve a
greater degree of intellectual control that if
he were tc evaluate the process ovevall. For
example, it may not be clear how the
availability of a new process that facilitates
unit testing would impact development
productivity. However, its effect on the work
component that cov[altzs'] unit test would be much
casier to discern.

The parameters of the model for estimating
software development described abeve would be
expected to be modified, based on the actual
experience of the development organization for
the type(s) of code concerned, suggested in

the section on life cycle munagement. This

(Ye)
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same  model  can support  the management of
maintenance and enhiancement activities,
treating them as a sequence of "development

efforts." Depending upon the amount of change
relative to the baseline system, then, the
maintenance and operation's effort can be

handled as a new project (albeit with a Jot of
rutaincdlﬁg?c) rather than as a continuation of
the old.

4. Conclusions
Both the developers and users of software are
concerned with issues of performance.
Obtaining good software begins  with the

establishment of a proper set of requirements
and continues with management that focuses on
the development of the desired software
functiconality to be provided at a level of
quality within an agreed upon cost and schedule

enve lope. There are tools and techniques
available to suj, rt software management Wwith
quantitative assessments of  the software

process. They can contribute significantly to
the software exhibiting the lev .1 of
performance intended forv it.
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BENCHMARK AND CONVER:.OR TOOI.:
TEST DATA REDUCTION PROGRAM

Frances A. Kazlauski

Naval

Data Automation Command

Washington, D.C.

The Test Data Reduction Program (TDRP) is a software tool for use as a COBOL

nrogram conversion aid or benchmark testing aid.
onhanced or converted COBOL programs are tested as thoroughly

It ensures that newly developed,
as required by

cmploying exlsting product ion data files and utilizing fewer computer resources.

It is used to extract app
create a reduced data file.

testing coverage as the original production file and may

program testing.

Kev words:  Benchmark; COBOL;

1. Purpose

The purpose of this paper is to explain the
capability and use of the Test Data Reduction
Program (TDRP). TDRP is a software tool for the
UNTVAC 11600 series and IBM compatible computers.
[t provides data reduction capability for
sequential or indesed-sequential files.

2 Background

There are two common approaches to the pre-
paration of test data: the generation of test
data sets and the selection of a subset of
records from an existing data file. The latter
approach is more cost-c fective for benchmarks
or conversion projects. A method is needed
which will extract a minimally required data set
from an existing data file for thorough program
testing. To assure that the extracted records
perform the same coverage of testing as the
originul data file, program execution must be
monitored through the insertion of probes. The
implementation of such a capability provides a
cost-effective vehicle for thoroughly testing
benchmarks or converted software since testing
can be done using sraller data files and less
machine time. In aduition, it also improves the
reliability and validity of the tested software.
The requirement for this capability led to the
development of the Test Data Reduction Program
(TDRP) in May 1980 at the Navy Regional Data
Automation Center, Washington, D.C. The project
sponsor is the Naval Data Automation Command
(NAVDAC) Code 40.
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riate data records from the production data file and
Ihe reduced data file will achieve the same level of

be used for future

coverage; extract; reduced.

1. Objectives

The basic objectives of TDRP arc:
o Extract records from an existing
data file for program testing

o FEnsure the same coverage of progran
testing is achieved for the ex-
tracted data as for the original
data

o Achieve a "minimally-thorough-test"
criterion

The "minimally-thorough-test" criterfon ensures
that each statement in a program be executed at
least once. An additional feature of TDRP 'may be
the development of more comprehensive test data
for acceptance testing since the TDRP output
report shows all untested code in the program.

4. Processing

TDRP is a test data extractor, not a test
data generator. The program operates on a pro-
duction system for which a data file already
exists. It extracts records from this existing
data file and creates a new test file based upon
prugram logic and a user specified reduction
factor. When a new logic pa:n is taker, the
current record is saved in the reduced file.
additional records may be saved to obtain the
proper file size specified by the user.

22]
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TDRP sequential file processing consists of
four phases: reformatting, instrumenting,
executing and reporting. For indexed-sequential
files which are randomly-accessed, an additional
sort phase is required to eliminate duplicate
records.

In the reformatting phase, the COBOL source
program is put into the form required by the
{instrumentation phase. The reformatted program
created in this phase contains one COBOL verb
per line of code. A table of verb frequencies
i also displayed at the end of the reformatted
program. A portion of a reformatted COBOI,
source program is shown in Figure 1.

The instrumentation phase uses the reformat-
ted COBOL source progfam and in addition reads
the user parameter card file, The mandatory
parameter card which specifies the data file to
be reduced contains the following information:

o Maximum record length

o File name

o Record name

o Starting position for indexed key
o Key length for indexed files

o File type

o Blocking facter

o Percentage reduction factor (number
between 0 and 50 where 0 indicates
the minimally-thorough-test)

The user may provide optional parameter cards
containing COBOL SELECT, FD and RECORD descrip-
tion clauses vo describe the file to be reduced
{n the ENVIRONMENT and DATA divisions. If the
SELECT card is present, the FD and RECORD clausc
cards must be coded. Once the parameter card
file and reformatted source program are read in
by the instrumentation phase, code is inserted
in the reformatted program. This code enables
the instrumented program to communicate with a
data collection routine which collects execution
statistics and monitors data record selection
during executfon. A portion of the instrumented
code for the reformatted program in the previous
figure in shown in Figure 2.

For randomly-accessed indexed sequent ial
file processing, a skeleton COBOL prograa is
read, modified and written to a file. This
program will be executed later to sort the
extracted data records.

In the execution phase, the instrumented
COBOL program is compiled, mapped or linked, and
executed. The TDRP subroutine for statistical
data collection and data record extraction must
be included in the collection process. During
execution, the appropriate data records are

written to the reduced file. 1In addition,
execut ion statement counters are incremented and
written to the statistical data collection file.

The reporting phase uses the retormatted
COBOL source code and the statistical data file.
The report lists the reformatted source code and
the execution count for each statement. 1In
addition, for conditional statements, the
execution counts are also given for the "true"
and "false" paths. This report may help in two
ways:

o To evaluate the validity of the data
file a- 1 baseline to produce the
reduced file

o To facilitate the creation of
additional data records to assure
completeness of program testing

A summary of program testing coverage is also
included and consists of the following:

o Number of COBOL source statements
o Number of unexecuted statements
o Number of conditional statements

o Number of unexecuted conditional
statements

o Percentage of unexecuted statements

o Percentage of unexecuted conditional
statements

No provision is made to determine if the
program logic is correct, however the report does
show the statements executed utilizing the user
data file. The correctness of the logic is
difficult to check since recent studies show that
most of the serious program errors are errors of
omission due to incorrect or misinterpreted 1
functional specifications or requirements (n-.

An example of a portion of a TDRP output
report is illustrated in Figure 3.

5. Considerations

The potential savings in machine time and
storage requirements can justify the cost of CPU
time overhead, additional core requirements and
the number of TDRP rums.

The CPU time overhead for compilation and
execution is the result of the number of COBOL
statements and subroutine calls inserted. The
total number of inserted statements will be
proportional to the number of paragraphs and
conditional statements in the original program.

lFigures in parentheses indicate the
literate references at the end of this paper.
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CK-MSTR.

IF IM-JOB EQUALS HOLD-JOB

GO TO EVEN-MAT.

1F IM-JOB 1S GREATER THAN HOLD-JOB

MOVE 1 TO CK-CD

GO TO

UNEVEN.

MOVE IN-MSTR TO OT-MSTR.

1F OM-3 EQUALS 5 AND OM-4 IS LESS THAN TODAYS-DT
MOVE 3 TO

OM-3

PERFORM PR-PUN.

IF OM-3 EQUALS 5 AND OM-5 IS LESS THAN TODAYS-DT
MOVE 4 TO

OM-3

PERFORM PR-PUN.

IF OM-6 EQUALS 8 AND OM-7 IS LESS THAN TODAYS-DT
MOVE 7 TO

OM-6

PERFORM PR-PUN.

IF OM-6 EQUALS 8 AND OM-8 IS LESS THAN TODAYS-DT
MOVE 9 TO

oM-6

PERFORM PR-PUN.

IF OM-JOB IS UNEQUAL TO SPACES

WRITE OT-MSTR

ADD 1 T0 MSTR-1100-CT.

GO TO CK-WHIP.

EVEN-MAT.

MOVE IN-MSTR TO OT-MSTR.
MOVE 3 TO CK-CD.

UNEVEN.

IF H-ONE IS UNEQUAL TO SPACES
PERFORM MOV-HIL.

IF H-TWO IS UNEQUAL TO SPACES
PERFORM MOV-H2.

IF H-THREE IS UNEQUAL TO SPACES
PERFORM MOV-H3 THRU EX-1.

IF H-FOUR IS UNEQUAL TO SPACES
PERFORM MOV-H4 THRU EX-1.

IF OM-JOB IS UNEQUAL TO SPACES
PERFORM PR-PUN.

IF OM-J1B EQUALS 3

MOVE OM-J1C TO OM-36A

MOVE OM-J1A TO

OM-36B

ELSE

MOVE OM-JOB TO OM-36.

MOVE SPACES TO H-ONE H-TWO H~-THREE H-FOUR.
IF OM-JOB IS UNEQUAL TO SPACES
WRITE OT-MSTR

ADD 1 TO MSTR-1100-CT.

CK-WHIP.

IF OM-JOB EQUALS HOLD-W-JOB
GO TO MAT-WHIP.

IF HOLD-W-JOB IS LESS THAN OM-JOB
GO TO LO-WHIP.

MOVE SPACES TO OT-MSTR.

IF CK-CD EQUALS 1

GO TO MOV1.

IF CK-CD EQUALS 3

ALTER 1-SW

TO PROCEED TO MOV1

ELSE

ALTER 1-SW

Figure 1. Reformatted COBOL Source Program
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TO PROCEED TO CK-MSTR.
MOVE 0 TO CK-CD.
GO TO READ-M.
MAT-WHIP.
MOVE SPACES TO OT-MSTR.
IF CK-CD EQUALS 1
ALTER 2-SW
TO PROCEED TO MOV1
GO TO
WHIP-MOV,
IF CK-CD EQUALS 3
ALTER 2-SW
TO PROCEED TO MOV1
ELSE
ALTER 2-SW
TO PROCEED TO CK-MSTR.
ALTER 1-SW
TO PROCEED TO WHIP-MOV.
MOVE ZERO TO CK-CD.
GO TO READ-M.
LO-WHIP.
IF TBLE-CTR IS LESS THAN 999
ADD 001 TO TBLE-CTR.
MOVE HOLD-W-JOB TO TAB-JOB (TBLE-CTR).
LO-W-RTN.
ALTER 2-SW
TO PROCEED TO CK-WHIP.
GO TO WHIP-MOV.
CLOS-MSTR.
IF S-REC EQUALS HIGH-VALUES AND CR-IN EQUALS HIGH-VALUES
GO
TO FIN-CL.
MOVE HIGH-VALUES TO IN-MSTR.
GO TO 1-SW.
CLOS-WHIP.
IF S-REC EQUALS HIGH-VALUES AND IN-MSTR EQUALS HIGH-VALUES
GO TO FIN-CL.
MOVE HIGH-VALUES TO CR-IN.
GO TO 1A-SW.
CLOS-DET.
IF IN-MSTR EQUALS HIGH-VALUES AND CR-IN EQUALS HIGH-VALUES
GO TO FIN-CL-DET.
MOVE HIGH-VALUES TO S-REC.
GO TO 3-SW.
FIN-CL-DET.
IF H-ONE EQUALS SPACES AND H-TWO EQUALS SPACES AND 1i-THREE
EQUALS SPACES AND H-FOUR EQUALS SPACES
GO TO FIN-CL. '
IF H~ONE EQUALS HIGH-VALUES
GO TO FIN-CL.
PERFORM UNEVEN.
FIN-CL.
CLOSE MSTR-IN CR-FILE MSTR-OT PUNCH-OT
DISPLAY '1100 MASTER RCDS ' MSTR-1100-CT UPON PRINTER.
MOVE 99 TO LIN-CTR.
MOVE ZEROES TO PG-CTR.
WR-WHTP.
IF CTR-1 EQUALS TBLE-CTR
GO TO LAST-CLOS.
IF LIN-CTR IS GREATER THAN 50
PERFORM WHIP-HD.
ADD 001 TO CTR-1.
MOVE TAB-JOB (CTR-1) TO PW-JOBI.
IF CTR-1 EQUALS TBLE-CTR

Figure 1. Reformatted COBOL Source Program
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GO TO LAS1T -CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOB2.
IF CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOB3.
IF CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOB4.
IF CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOBS.
IF CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOBS6.
IF CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOR7.
IF CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOBS.
IF CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOBS.
WRITE P-REC BEFORE ADVANCING 2 LINES.
MOVE SPACES TO P-REC.

ADD 02 TO LIN-CTR.
GO TO WR-WHIP.

LAST-CLOS.

WRITE P-REC BEFORE 0l.
CLOSE P-FILE.
STOP RUN.

WHIP-HD.

L33

MOVE SPACES TO P-REC.

WRITE P-REC BEFORE ADVANCING NEXT-PG.

ADD 0001 TO PG-CTR.

MOVE 'LISTING OF JOBS ON LINK NO/JOB ORDER FILE BUT NOT ON
'MAST' TO P-HD2-W.

MOVE 'ER JOB ORDER FILE FOR ' TO P-HD2A-W.
MOVE TODAYS-DT TO P-DT-W.

MOVE 'PAGE ' TO P-W-PG.

MOVE PG-CTR TO P-W-ID.

WRITE P-REC BEFORE ADVANCING 2 LINES.

MOVE SPACES TO P-REC.

MOVE ' JOB-NO JOB-NO JOB-NO JOB-NO J
'OB ' TO P-HD2.

MOVE '-NO  JOB-NO JOB-NO  JOB-NO  JOB-NO
' ' TO P-HD2A. - .

WRITE P-REC BEFORE ADVANCING 2 LINES.

MOVE SPACES TO P-REC. ‘

MOVE 04 TO LIN-CTR.

REFORMAT PROGRAM ENDED #*#* '

.

o

Figure 1. Reformatted COBOL Source Program
(Continued)
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TABLE OF VERB FREQUENCIES

VERB COUNT
ADD 19
ALTER 9
CLOSE 5
DISPLAY 2

ELSE 17
END 6
EXAMINE; 2
EXIT 2
GO 78
IF 105
INPUT 4
MOVE 175
NEXT 14
ON )|
OPEN 5
OUTPUT 3
PERFORM 14
READ 5
RELEASE 2
RETURN )|
SORT 1
STOP 2
TALLYING 2
WRITE 17

el

(‘\;-

Figure 1. Reformatted COBOL Source Program
(Continued)
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CK-MSTR.

MOVE 119 TO CURR-INDEX,
MOVE 120 TO CURR-INDEX,
1F IM-JOB EQUALS HOLD-JOB
MOVE 120 TO CURR-INDEX,
GO TO EVEN-MAT.

MOVE 121 TO CURR-INDEX,
IF IM-JOB IS GREATER THAN
MOVE 121 TO CURR-INDEX,
MOVE 1 TO CK-CD

GO TO

UNEVEN.

MOVE 122 TO CURR-INDEX,
MOVE IN-MSTR TO OT-MSTR.
MOVE 123 TO CURR-INDEX,
IF OM-3 EQUALS 5 AND OM-4
MOVE 123 TO CURR-INDEX,
MOVE 3 TO

OM-3

PERFORM PR-PUN.

MOVE 124 TO CURR-INDEX,
IF OM-3 EQUALS 5 AND OM-5
MOVE 124 TO CURR-INDEX,
MOVE &4 TO

OM-3

. PERFORM PR-PUN.

MOVE 125 TO CURR-INDEX,
"I7 OM-6 EQUALS 8 AND OM-7
MOVE 125 TO CURR-INDEX,
MOVE 7 TO

OM-6

PERFORM PR-PUN.

MOVE 126 TO CURR-INDEX,
IF OM-6 EQUALS 8 AND OM-8
MOVE 126 TO CURR-INDEX,
MOVE 9 TO .

OM-6

PERFORM PR-PUN.

MBVE 127 TO CURR-INDEX,

CALL 'TDRP20'.

‘CALL 'TDRP20'

CALL 'TDRP30'

CALL 'TDRP20'.
HOLD-JOB
CALL 'TDRP30'

CALL 'TDRP20'.

CALL 'TDRP20'
IS LESS THAN TODAYS-DT
CALL 'TDRP30'

CALL 'TDRP20'.
IS LESS THAN TODAYS-DT
CALL 'TDRP30'

CALL 'TDRP20'.
1S LESS THAN TODAYS-DT
CALL 'TDRP30'

CALL 'TDRP20'.
IS LESS THAN TODAYS-DT
CALL 'TDRP30'

CALL 'TDRP20'.

IF OM-JOB IS UNEQUAL TO SPACES

MOVE 127 TO CURR-INDEX,
WRITE OT-MSTR
ADD 1 TO MSTR-1100-CT.
MOVE 128 TO CURR-INDEX,
GO TO CK-WHIP.

EVEN-MAT.
MOVE 129 TO CURR-INDEX,
MOVE IN-MSTR TO OT-MSTR.
MOVE 3 TO CK-CD.

UNEVEN.
MOVE 130 TO CURR-INDEX,
MOVE 131 TO CURR-INDEX,

CALL 'TDRP30'
CALL 'TDRP20'.

CALL 'TDRP20'.

CALL 'TDRP20'.
CALL 'TDRP20'

IF H-ONE IS UNEQUAL TO SPACES

MOVE 131 TO CURR-INDEX,
PERFORM MOV-HI.
MOVE 132 TO CURR-INDEX,

CALL 'TDRP30'

CALL 'TDRP20'.

IF H-TWO IS UNEQUAL TO SPACES

MOVE 132 TO CURR-INDEX,
PERFORM MOV-H2.
MOVE 133 TO CURR-INDEX,

CALL 'TDRP30'

CALL 'TDRP20'.

IF H-THREE IS UNEQUAL TO SPACES

MOVE 133 TO CURR-INDEX,
PERFORM MOV-H3 THRU EX-1.
MOVE 134 TO CURR-INDEX,

CALL 'TDRP30'

CALL 'TDRP20'.

IF H-FOUR IS UNEQUAL TO SPACES

MOVE 134 TO CURR-INDEX,

CALL 'TDRP30'

Figure 2. Instrumented COBOL Source Program
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PERFORM MOV-H4 THRU EX-1.
MOVE 135 TO BURR-INDEX, CALL 'TDRP20'.
IF OM-JOB 1S UNEQUAL TO SPACES
MOVE 135 TO CURR-INDEX, CALL 'TDRP30'
PERFORM PR-PUN.
MOVE 136 TO CURR-INDEX, CALL 'TDRP20'.
IF OM-J1B EQUALS 3 K
MOVE 136 TO CURR-INDEX, CALL 'TDRP30'
MOVE OM-J1C TO OM-36A
MOVE OM-J1A TO
OM-36B
ELSE
MOVE 137 TO CURR-INDEX, CALL 'TDRP20'
MOVE OM-JOB TO OM-36.
MOVE 138 TO CURR-INDEX, CALL 'TDRP20'.
MOVE SPACES TO H-ONE H-TWO H-THREE H-FOUR.
MOVE 139 TO CURR-INDEX, CALL 'TDRP20'
IF OM-JOB IS UNEQUAL TO SPACES
MOVE 139 TO CURR-INDEX, CALL 'TDRP30'
WRITE OT-MSTR
ADD 1 TO MSTR-1100-CT.

CK-WHIP.
MOVE 140 TO CURR-INDEX, CALL 'TDRP20’.
MOVE 141 TO CURR-INDEX, CALL 'TDRP20'
IF OM-JOB EQUALS HOLD-W-JOB
MGVE 141 TO CURR-INDEX, CALL 'TDRP30'
GO TO MAT-WHIP. ,
MOVE 142 TO CURR-INDEX, CALL 'TDRP20'.
IF HOLD-W-JOB IS LESS THAN OM-JOB
MOVE 142 TO CURR-INDEX, CALL 'TDRP30'
GO TO LO-WHIP.
MOVE 143 TO CURR-INDEX, CALL 'TDRP20'.
MOVE SPACES TO OT-MSTR.
MOVE 144 TO CURR-INDEX, CALL 'TDRP20'
IF CK-CD EQUALS 1
MOVE 144 TO CURR-INDEX, CALL 'TDRP30'
GO TO MOVI.
MOVE 145 TO CURR-INDEX, CALL 'TDRP20'.
IF CK-CD EQUALS 3
MOVE 145 TO CURR-INDEX, CALL 'TDRP30'
ALTER 1-SWXXX
TO PROCEED TO MOV1
ELSE
MOVE 146 TO CURR-INDEX, CALL 'TDRP20'’
ALTER 1-SWXXX
TO PROCEED TO -CK-MSTR. ,
MOVE 147 TO CURR-INDEX, CALL 'TDRP20'.
MOVE 0 TO CK-CD.
GO TO READ-M.

MAT-WHIP.
MOVE 148 TO CURR-INDEX, CALL 'TDRP20'.
MOVE SPACES TO OT-MSTR.
MOVE 149 TO CURR-INDEX, CALL 'TDRP20'
IF CK-CD EQUALS 1
MOVE 149 TO CURR-INDEX, CALL 'TDRP30'
ALTER 2-SWXXX
TO PROCEED TO MOV1
GO TO 5
WHIP-MOV.
MOVE 150 TO CURR-INDEX, CALL 'TDRP20'.
IF CK-CD EQUALS 3
MOVE 150 TO CURR~INDEX, CALL 'TDRP30'
ALTER 2-SWXXX
TO PROCEED TO MOV1

Figure 2. Instrumented COBOL Source Program
(Continued)
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ELSE
MOVE 151 TO CURR-INDEX, CALL 'TDRP20'
ALTER 2-SWXXX
TO PROCEED TO CK- MSTR.
MOVE 152 TO CURR-INDEX, CALL 'TDRP20'.
ALTER 1-SWXXX
TO-PROCEED TO WHIP-MOV.
MOVE ZERO TO CK-CD.
GO TO READ-M.

LO-WHIP.
MOVE 153 TO CURR-INDEX, CALL 'TDRP20'.
MOVE 154 TO CURR-INDEX, CALL 'TDRP20'
IF TBLE-CTR IS LESS THAN 999
MOVE 154 TO CURR-INDEX, CALL 'TDRP30’
ADD 001 TO TBLE-CTR.
MOVE 155 TO CURR-INDEX, CALL 'TDRP20'.
MOVE HOLD-W—JOB TO TAB-JOB (TBLE-CTR).

LO-W-RTN.
MOVE 156 TO CURR-INDEX, CALL 'TDRP20'.
ALTER 2-SWXXX
TO PROCEED TO CK-WHIP.
GO TO WHIP-MOV.

CLOS-MSTR.
MOVE 157 TO CURR-INDEX, CALL 'TDRP2Q'.
MOVE 158 TO CURR-INDEX, CALL 'TDRP20'
IF S—-REC EQUALS HIGH-VALUES AND CR-IN EQUALS HIGH-VALUES
MOVE 158 TO CURR-INDEX, CALL 'TDRP30’
GO
TO FIN-CL. .
MOVE 159 TO CURR-INDEX, CALL 'TDRP20'.
MOVE HIGH-VALUES TO IN-MSTR.
GO TO 1-SW.

CLOS-WHIP. -
MOVE 160 TO CURR-INDEX, CALL 'TDRP20'.
MOVE 161 TO CURR-INDEX, CALL 'TDRP20'
IF S-REC EQUALS HIGH-VALUES AND IN-MSTR EQUALS HLgH ~VALUES
MOVE 161 TO CURR-INDEX, CALL 'TDRP30'
GO TO FIN-CL.
MOVE 162 TO CURR-INDEX, CALL 'TDRP20'.
MOVE HIGH-VALUES TO CR-IN.
GO TO 1A-SW.

FLOS DET.
MOVE 163 TO CURR-INDEX, CALL 'TDRP20'.
MOVE 164 TO CURR-INDEX, CALL 'TDRP20'
IF IN-MSTR EQUALS HIGH-VALUES AND CR-IN EQUALS HIGH-VALUES
MOVE 164 TO CURR-INDEX, CALL 'TDRP30'
GO TO FIN-CL-DET.
MOVE 165 TO CURR-INDEX, CALL 'TDRP20'.
MOVE HIGH-VALUES TO S-REC.
GO TO 3-SW.

FIN-CL-DET.
MOVE 166 TO CURR-INDEX, CALL 'TDRP20'.
MOVE 167 TO CURR-INDEX, CALL ‘'TDRP20'
IF H-ONE EQUALS SPACES AND H-TWO EQUALS SPACES AND H-THREE
EQUALS SPACES AND H-FOUR EQUALS SPACES
MOVE 167 TO CURR-INDEX, CALL 'TDRP30'
GO TO FIN-CL.
MOVE 168 TO CURR-INDEX, CALL 'TDRP20'.
IF H-ONE EQUALS HIGH-Y4RUES
MOVE ~ 168 TO CURR-INDEX, CALL 'TDRP30’ .
GO"TO FIN-CL.
MOVE 169 TO CURR—INDEX//CALL 'TDRP20’.
PERFORM UNEVEN.

(o

Figure 2. Instrumented COBOL Source Program
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FIN-CL.
MOVE 170 TO CURR-INDEX, CALL 'TDRP20°‘.
CLOSE MSTR-IN CR-FILE MSTR-OT PUNCH-OT.
DISPLAY '1100 MASTER RCDS ' MSTR-1100-CT UPON PRINTER.
MOVE 99 TO LIN-CTR.
MOVE ZEROES TO PG-CTR.

WR-WHIP.
MOVE 171 TO CURR-INDEX, CALL 'TDRP20'.
MOVE 172 TO CURR-INDEX, CALL 'TDRP20'
IF CTR-1 EQUALS TBLE-CTR
MOVE 172 TO CURR-INDEX, CALL 'TDRP30'’
GO TO LAST-CLOS.
MOVE 173 TO CURR-INDEX, CALL 'TDRP20'.
IF LIN-CTR IS GREATER THAN 50
MOVE 173 TO CURR-INDEX, CALL 'TDRP30'
PERFORM WHIP-HD.
MOVE 174 TO CURR-INDEX, CALL 'TDRP20'.
ADD 001 TO CTR-1.
MOVE TAB-JOB (CTR-1) TO PW-JOBI.
MOVE 175 TO CURR-INDEX, CALL ‘'TDRP20'
IF CTR-1 EQUALS TBLE-CTR
MOVE 175 TO CURR-INDEX, CALL 'TDRP30'
GO TO LAST-CLOS.
MOVE 176 TO CURR-INDEX, CALL 'TDRP20'.
ADD 001 TO CTR-1. .
MOVE TAB-JOB (CTR-1) TO PW-JOB2.
MOVE 177 TO CURR-INDEX, CALL 'TDRP20' |
IF CTR-1 EQUALS TBLE-CTR o
MOVE 177 TO CURR-INDEX, CALL/TDRP30'
GO TO LAST-CLOS.
MOVE 178 TO CURR-INDEX, CALL ' UTDRPZO'.
ADD 001 TO CTR-1. =
MOVE TAB-JOB (CTR-1) TO PW-JOB3.
MOVE 179 TO CURR-INDEX, CALL 'TDRP20'
IF CTR-1 EQUALS TBLE-CTR
MOVE 179 TO CURR-INDEX, CALL 'TDRP30'
GO TO LAST-CLOS.
MOVE 180 TO CURR-INDEX, CALL 'TDRP20'.
ADD 001 TO CTR-1.
MOVE TAB-JOB (CTR-1) TO PW-JOB4,
MOVE 181 TO CURR-INDEX, CALL 'TDRP20'
IF CTR-1 EQUALS TBLE-CTR
MOVE 181 TO CURR-INDEX, CALL 'TDRP30'
GO TO LAST-CLOS.
MOVE 182 TO CURR-INDEX, CALL 'TDRP20'.
ADD 001 TO CTR-1.
MOVE TAB-JOB (CTR-1) TO PW-JOBS.
MOVE 183 TO CURR-INDEX, CALL 'TDRP20'
IF CTR-1 EQUALS TBLE-CTR
MOVE 183 TO CURR-INDEX, CALL 'TDRP30'’
GO TO LAST-CLOS. .
MOVE 184 TO CURR-INDEX, CALL 'TDRP20'.
ADD 001 TO CTR-1.
MOVE TAB-JOB (CTR-1) TO PW-JOB6.
MOVE 185 TO CURR-INDEX, CALL 'TDRP20'
IF CTR-1 EQUALS TBLE-CTR
MOVE 185 TO CURR-INDEX, CALL 'TDRP30’
GO TO LAST-CLOS.
MOVE 186 TO CURR-INDEX, CALL 'TDRP20'.
ADD 001 TO CTR-1.
MOVE TAB-JOB (CTR-1) TO PW-JOB7.
MOVE , 187 TO CURR-INDEX, CALL 'TDRP20'
IF CTR-1 EQUALS TBLE-CTR
MOVE 187 TO CURR-INDEX, CALL 'TDRP30'

Figure 2. Instrumented COBOL Source Program
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GO TO LAST-CLOS.
MOVE 188 TO CURR-INDEX, CALI ‘'TDRP20'.
ADD 001 TO CTR-1.
MOVE TAB-JOB (CTR-1) TO PW-JOBS,
MOVE 189 TO CURR-INDEX, CALL 'TDRP20'
IF CTR-1 EQUALS TBLE-CTR
MOVE 189 TO CURR-INDEX! CALL 'TDRP30’
GO TO LAST-CLOS.
MOVE 190 TO CURR-INDEX, CALL 'TDRP20'.
ADD 001 TO CTR-1,
MOVE TAB-JOB (CTR-1) to PW-JOBS.
WRITE P-REC BEFORE ADVANCING 2 LINES.
MOVE SPACES TO P-REC.
ADD 02 TO LIN-CTR.
GO TO WR-WHIP,

| LAST-CLO>.

MOVE 191 TO CURR-INDEX, CALL 'TDRP20'.

WRITE P-REC BEFORE Ol.

CLOSE P-FILE.

MOVE +1000 TO REC-CNT

GO TO WRITE-TDRP-FILE.

WHIP-HD. ‘
MOVE 192 TO CURR-INDEX, CALL 'TDRP20'.
MOVE SPACES TO P-REC.

WRITE P-REC BEFORE ADVANCING NEXT-PG.

ADD 0001 TO PG~CTR. .

MOVE 'LISTING OF JOBS ON LINK NO/JOB ORDER FILE BUT NOT ON
- 'MAST' TO P-HD2-W.

MOVE 'ER JOB ORDER FILE FOR ' TO P-HD2A-W.

MOVE TODAYS-DT TO P-DT-W.

MOVE 'PAGE ' TO P-W-PG.

MOVE PG-CTR TO P-W-ID.

WRITE P-REC BEFORE ADVANCING 2 LINES.

MOVE SPACES TO P-REC.

MOVE ' JOB-NO JOB-NO JOB-NO JOB-NO - J
- '0OB ' TO P-HDz.
MOVE '-NO JOB-NO JOB-NO JOB-NO JOB-NO

- ' ' TO P-HD2A.
WRITE P-REC BEFORE ADVANCING 2 LINES.
MOVE SPACES TO P-REC.
MOVE 04 TO LIN-CTR.

s

Figure 2. Inst:brument:ed COBOL Source Program
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** TDRP REFORMATTED REPORT PROGRAM **

CK~MSTR.

IF IM-JOB EQUALS HOLD-JOB

GO TO EVEN-MAT.

IF IM-JOB IS GREATER THAN HOLD-JOB

MOVE 1 TO CK-CD

GO TO

UNEVEN.

MOVE IN-MSTR TO OT-MSTR.

IF OM-3 EQUALS 5 AND OM-4 IS LESS THAN TODAYS-DT
MOVE 3 TO

OM-3

PERFORM PR-PUN.

IF OM-3 EQUALS 5 AND OM-5 IS LESS THAN TODAYS-DT
MOVE 4 TO '
OM-3

PERFORM PR-PUN.

IF OM-6 EQUALS 8 AND OM-7 IS LESS THAN TODAYS-DT
MOVE 7 TO

OM-6 R

PERFORM PR-PUN.

IF OM-6 EQUALS 8 AND OM-8 IS LESS THAN TODAYS-DT

MOVE 9 TO

OM-6

PERFORM PR-PUN.

IF OM-JOB IS UNEQUAL TO SPACES
WRITE OT-MSTR

ADD 1 TO MSTR-1100-CT.

GO TO CK-WHIP.

EVEN-MAT.

MOVE IN-MSTR TO OT-MSTR.
MOVE 3 TO CK-CD.

UNEVEN.

IF H-ONE IS UNEQUAL TO SPACES

PERFORM MOV-HI.

IF H-TWO IS UNEQUAL TO SPACES

PERFORM MOV-H2.

IF H-THREE IS UNEQUAL TO SPACES

PERFORM MOV-H3 THRU EX-1.

IF H-FOUR IS UNEQUAL TO SPACES

PERFORM MOV-H4 THRU EX-1.

IF OM-JOB IS UNEZQUAL TO SPACES

PERFORM PR-PUN.

IF OM-J1B EQUALS 3

MOVE OM-JIC TO OM-36A .
MOVE OM-J1A TO

OM-36B

ELSE

MOVE OM-JOB TO OM-36.

MOVE SPACES TO H~-ONE H~-TWO H-THREE H-FOUR
IF OM-JOB IS UNEQUAL TO SPACES

WRITE OT-MSTR

ADD 1 TO MSTR-1100-CT.

CK-WHIP.

IF OM-JOB EQUALS HOLD-W-JOR

GO TO MAT-WHIP.

IF HOLD-W-JOB IS LESS THAX OM-JOB
GO TO LO-WHIP.

MOVE SPACES TO OT-MSTR.

IF CK-CD EQUALS 1

GO TO MOV1.

IF CK-CD EQUALS 3

ALTER 1-5W

TO PROCEED TO MOV1

Figure 3. TDRP Qutput o ort
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*x DRP REFORMATTED REPORT PROGRAM **

ELSE
ALTER 1-8W
TO PROCEED TO CK-MSTR.
MOVE 0 TO CK-CD.
GO TO READ-M.
MAT-WHIP.
MOVE SPACES TO OT-MSTR.
IF CK-CD EQUALS 1
ALTER 2-SW
TO PROCEED TO MOVI
GO TO
WHIP-MOV.
IF CK-CD EQUALS 3
ALTER 2-SW
TO PROCEED TO MOV1
ELST
ALTER 2-SW
TO PROCEED TO CK-MSTR.
ALTER 1-SW
T0 PROCEED TO WHIP-MOV.
MOVE ZERO TO CK-CD.
GO TO READ-M.
LO-WHIP.
I1F TBLE-CTR IS LESS THAN 999
ADD 001 TO TBLE-CTR.
MOVE HOLD-W-JOB TO TAB-JOB (TBLE~CTR).
LO-W-RTN.
ALTER 2-SW
TO PROCEED TO CK-WHIP.
CO TO WHIP-MOV.
CLOS-MSTR.
IF S-REC EQUALS HIGH-VALUES AND CR-IN EQUALS HICH-VALUES
GO
TO FIN-CL.
MOVE HIGH-VALUES TO IN-MSTR.
GO TO 1-SW.
CLOS-WHIP.
IF S-REC EQUALS HIGH-VALUES AND 1N-MSTR #0QUALS HIGH-VALUES
GO TO FIN-CL.
MOVE HIGH-VALUES TO CR-IN.
GO TO lA-SW.
CLOS-DET.
IF IN-MSTR EQUALS HICH-VALUES AND CR-IN EQUALS HIGH-VALUES
GO TO FIN-CL-DET.
MOVE HIGH-VALUES TO S-REC.
GO TO 3-SW.
FIN-CL~-DET.
IF H-ONE EQUALS SPACES AND H-TWO EQUALS SPACES AND H-THREE
EQUALS SPACES AND H-FOUR EQUALS SPACES
GO TO FIN-CL.
IF H-ONE EQUALS HIGH-VALUES
GO TO FIN-CL.
PERFORM UNEVEN.
FIN-CL.
CLOSE MSTR-IN CR-FILE MSTR-OT PUNCH-OT.
DISPLAY '1100 MASTER RCDS ' MSTR-1100-CT UPON PRINTER.
MOVE 99 TO LIN-CTR.
MOVE ZEROES TO PG-CTR.
WR-WHIP.
IF CTR-1 EQUALS TBLE-CTR
GO T{ LAST-CLOS.

tgure 3. TDRP Output Report
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[F LIN-CIR 1S GREATER THAN 50
PERFORM WHIP-HD.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOBI.
IF CTR-1 EQUALS TBLE-CTR

o TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW~JOB2.
{F CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 00V TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOB3.
I CTR-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 To CTR-1.

HVE TAB-JOB (CTR-1) TO PW-I0BG.
¥ CTR-1 EQUALS TBLE-CTR

oo TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-JOBS.
IV CIk-1 EQUALS TBLE-CTR

GO TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TO PW-Jii-.
1 CTR-1 EQUALS TBLE-CTR

S0 TO LAST-CLOS.

Aabb 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) T2 Ti-JOB7.
17 CTR-1 EUALS TBLE-CTR

LU TO LAST-CLOS.

ADD 001 TO CTR-1.

MOVE TAB-JOB (CTR-1) TC Pw-.i g8,
7 UTR-1 EOQUALS TBLE-CTR

GO Te LAST-CLOS.

ADD 00l TG CTR-1.

MOV TAE-JO0B (CTR-1) TO PW-JOBY.
WHITE P-REC sEFORE ADVANCING 2 LINES.
HOVE SPACES TO P-REC,

AvD 02 To LIN-CTR.

o0 TO WR-WHIP.

LAST-CLOS,

WRITE P-REC BEFORE O1.
CLOSE P-FILE.
STOP RI'N.

WHIP-HD.

MOVE SPACES TO P-REC.

WRITE P-REC BEFORE ADVANCING NEXT-PG.

ADD 0001 TO Po-CTR.

MOVE "LISTING OF JCBS ON LINK NO/JOB ORDER FILE BUT NOT ON
'MAST' TO P-hD2-W.

WOVE CER JOB ORDER FILE FOR ' TO P-HD2A-W.
MOVE TODAYS-DT TO P-DT-W.

MOVE "PACE ' TO P-W-PG.

MOVE PG-CTR T0 P-W-1D.

WRITH P-REC BEFORE ADVANCING I LTHES.

MOVE STACES TV P-REC.

MOVE Y JOB-NO JOB-NO JOB-NO JOB-NO J
' ' Ty P-HD2.
MOVE T =NO JOB-NO JOB-120 JOB-R0 JOB-1O

‘' TO P-HD2A.

WRITE P-REC BEFORE ADVANCING 2 LTINES.
MOVE SPACE TO P-REC.

MAOVE 04 TO LIN-CTR.

Figure 3. TDRP Qutput Report
(Continued)
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Compile and execution times will be affected by
the code insertions. The increase in compile and
execution times fcr three sample test cases are

TEST 1
PA-MSTR FILE

evident in Figure 4. ORIGINAL AFTER PERCENTAGE
DATA FILE REDUCTION SAVINGS
NUMBER OF
COMPILE FIMES 1IN SECOSNDS RECORDS 45450 4548 £9.99
(STORAGE)
BEFORE ~ AFTER % INCREASE CPU TIME il 71 670.72 11.48
(SECONDS)
TEST 1 18.74 26.7 42
TEST 27.71 39.4 42 DU-MSTR FILE
TEST 3 3341 40.4 21 o
ORIGINAL AFTER PERCENTAGE
EXECUTLION TIMES IN SECONDS DATA FILE REDUCT 10N SAVINGS
NUMBER OF
BEFORE AFTER % INCREASE RECORDS 28670 28468 90.00
(STORAGE)
TEST 1 1998.4 3010.3 51 CPU TIME 757.71 245.1%6 6£7.64
TEST 2 292.2 393.7 34 (SECONDS)
TEST 3 824.9 993.9 20
COMBINED PA-MSTR AND DU-MSTR FILES
Figure 4. Sample compile and
cxecution times ORIGINAL AfTER PERCENTAGE
DATA FILES REDUCTION SAVINGS
TOTAL WO.
The additional memory requirement for OF RECORDS 74120 7416 89.99
execution is less than 2K words which include (STORAGE)
object modules and data ouffer but not inser- CPU TIME 757.71 157.45 79.22
ced COBOL statements. (SECONDS)

Lastly, only one data file may be reduced
per TDRP run. All original files must be used in
a TDRP run even though reduced files may exist to
ensure that all logic paths executed for the
original data file are exercised. In addition,
if a reduced file is run through TDRP to be
reduced a second time, tests have shown testing
coverage is affected. It should be noted that
the same 1 of testing coverage is uncertain
when sever.! reduced files are used in testing
since the original intention of TDRP was to

Figure 5. Results from Test 1

In tests 2 and 3 (Figure 6), only one master f{ile
was being processed. In both test cases, the
savings in CPU time are considerate.

TEST 2
PW115MOI-1IN

reduce a single master file to conserve computer ORIGINAL AFTER PERCENTAGE
resources over multiple runs (2). DATA FILE  REDUCTION  SAVINGS
NUMBER OF
6. Examples RECORDS 13021 1314 89,91
(STORAGE)
The following procedure was used as a CPU TIME 98.29 15,04 83,68
guideline for each test case run. Initially, (SECONDS)
the program was run with the original data base.
Then the TDRP run was made producing the reduced TEST 3
data base. A ninety percent reduction in the PWJ43DO1-1IN
original data base was user-specified. Lastly,
che program was run with the reduced data buse ORIGINAL AFTER PERCENTAGE
to ascertain the savings in CPU time. DATA FILE REDUCTION SAVINGS
NUMBER OF
In the first test (Figure 5), two master RECORDS JERELIT 1386 89.98
files were reduced. The savings in storage and (STORAGE)
CPU time become quite apparent when both reduced CPU TIME 257.86 54.08 79.03
files are used to run a teut. (SECUNDS)
Figure 6. Results from Tests 2 and 3
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7. Constraints

TDRP currently handles up to 1000 condi-
tional statements but may easlily be modified to
handle more. Files for reduction should not be
used in a COBOL sort since the program needs to
instrument the 'read" statement for a file in
order to extract the records. Lastly, at
present, data files with control or dependent
records will yield unpredictable results after
reduct jon. This control record problem has been
analyzed and mcdifications are currently being
unit tested.
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